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ABSTRACT
According to the U.S. Government Accountability Office (GAO), college textbook prices have increased
by 186% from 1986 to 20041. The impact of the rising cost of textbooks is increasingly apparent as
students are becoming more selective in the courses they enroll in, as well as more concerned with the
quality of the learning experience they receive once enrolled in a course.2 In response to high textbook
prices, open-education resources (OER) are increasingly becoming more accepted for student use as an
alternative to traditional textbook options. OERs are open-source textbook and/or materials that are free
to use without worrying about copyright laws.3 The authors on this study have created an OER textbook4
for engineering majors enrolled in an introductory general chemistry course. Understanding the impact
this open-education resource on student success will allow us to explore and provide more cost-effective
resources for our students. Specifically, we are interested in exploring how the use of these open-source
materials may impact student learning, perceptions, and success when compared to traditional publisherprovided textbooks. We also intend to characterize additional resources used by students beyond their
textbook to aid their studies. Understanding which resources students are using the most and why they
find them to be useful will allow us to adapt and recommend better and more affordable resources to
students. One of our studies compared students using a traditional textbook and students using our OER
textbook. For the treatment group, there were significant correlations including an inverse relationship
between using the internet as a resource and final grades. We also found statistically significant
differences between the control and treatment groups concerning students' perceived helpfulness and use
of textbook resources. In our second study we found that of the “official” resources, students use lecturer
provided materials via Folio and materials generated during lecture the most and found them to be the

most helpful. Of the “unofficial” resources, we found that free online study resources and peer messaging
were used the most often and found to be more helpful than paid online study resources and paid or
private tutoring.
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CHAPTER 1
INTRODUCTION
Purpose of the Study
Over the past 60 years, new technology innovations have not only increased our access to
information but have changed the format and ease of access for how we communicate with each other.
What once would have taken hours of searching and reading through books at the local library or
university study hall can now be completed in seconds via the internet. College students used to be
limited to reading textbooks, meeting with professors, or studying face-to-face with peers to better
understand course material. Now students can access far greater amounts of information through the
internet without ever leaving their homes. Students now have access to e-textbooks, tutoring sites,
YouTube, and other web searches to supplement their studies. In addition to textbook being offered as etextbooks, major publishers have started selling access codes for e-textbooks that students can log in to
from any device.
According to the U.S. Government Accountability Office (GAO), physical copies of college
textbook prices have increased by 186% from 1986 to 2004. That is over twice the rate of inflation and it
continues to rise.2 The GAO reports that textbook prices “could affect postsecondary access and
affordability.”1 The impact of rising costs of textbooks is increasingly apparent as students are becoming
more selective in the courses they enroll in as well as more concerned with the quality of the learning
experience they receive once enrolled in a course.2 Occasionally, students must enroll in a required
course but find themselves unable to afford all of the required materials.1, 2 This inability for students to
be able to afford all of their required materials likely affects students’ quality of learning. A 2013 survey
by the Student Public Interest Research Group found that 65% of students reported not buying a textbook
because of the price, yet an overwhelming 94% of the students believed they would do worse in the
course without the textbook(s). The survey also found that 48% of students reported that the cost of the
textbook affected the number of courses they enrolled in each semester.2 Textbook publishers often push
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new resource bundles or textbook editions onto educators and students, promoting them as new and
improved. This causes a rise in textbook costs while little evidence supports that these new editions
improve student learning or even correlate with higher student grades.2 While textbooks are generally
reviewed and/or edited by experts of that field, there is “rarely, if ever, independent data provided on
learning outcomes associated with a particular text or text revision.”5
In response to high textbook prices, students have resorted to using a variety of other resources
such as renting textbooks, buying used textbooks, searching for inexpensive or free e-textbook editions,
and accessing various online resources such as YouTube6, Quizlet7, and KhanAcademy8. According to a
recent study of U.S. and Canadian students by the National Association of College Stores (NACS), during
the 2018-19 academic year 89% of students used some type of free content/resource. 9 This backs up a
previous study that found that 82% of students stated they would do significantly better if textbooks were
available for free online with the option of buying a hard copy if needed.10 This is the exact intention of
open educational resources.
Open educational resources (OER), often designed as e-textbooks, are increasingly becoming
accepted among educators for student use as an alternative to traditional textbook options. OERs are
educational materials that can freely be accessed by anyone. Many OER textbooks can be easily modified
and redistributed without fear of copyright infringement.3 This allows educators to modify the textbook to
meet their individual course goals while still providing a textbook resource to students at no additional
cost. Most OER textbooks come in digital formats that allow students to easily navigate the material on
various platforms as well as provide videos, hyperlinks, and other interactive examples within the text.
Preliminary research has found that students prefer using an OER textbook instead of a traditional
publisher’s textbook. The same study also found that online students using an OER textbook use the
textbook more frequently, like the idea of the OER textbook more, and rate it of being higher quality than
a traditional textbook.11 In addition, a 2015 study found results that suggest that students perform better in
courses with an OER textbook and that students who used an OER textbook are significantly more likely
to enroll in a higher number of credits the following semester.12
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The nature of undergraduate courses and the experiences of students enrolled in them need to be
adapted as the digitalization of teaching and learning continues to evolve. Digital technology is a routine
feature in most post-secondary education courses. Aside from the digitalization of textbooks, students
often access an assortment of online study resources. To date, there are unfortunately few studies that aim
to determine what study resources students use outside of their assigned textbook. Understanding which
resources students are using the most and why they find them to be useful will allow us to adapt and
recommend better and more affordable resources to students.

Main Goals

With the rise in textbook prices and the shift towards e-textbooks, we looked to determine if
giving introductory chemistry students access to an open-source textbook as well as other low-cost course
materials would have any impact on student success in the course and/or their perceptions of assigned
materials. We also sought to determine if low-cost resources would affect the frequency that students use
the resources and if it would have any impacts on student success within the course. In a second study,
we wanted to determine which resources were used by students when studying and learning course
content. Students were surveyed about a variety of university-provided and non-university-provided
resources to see which ones students use the most and which ones did they feel were the most helpful to
their grade. Through analysis of student responses, we were able to conclude if any study resource has a
significant impact to student grades.
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CHAPTER 2
LITERATURE REVIEW & THEORETICAL FRAMEWORK
Open education resource (OER) textbooks vs. Traditional textbooks
Studies focusing on the effects of OER are a slowly rising trend as free resources and e-textbooks
gain popularity as well as acceptance. OERs are expanding and offering a larger variety of resources
suitable for various courses. The goal of OERs is to break down cost barriers to knowledge and education
by offering similar quality textbooks and resources at no cost.
A recent study published in 2019 sought to determine if switching from a traditional textbook to
an OER textbook would improve student grades while also saving students money, hopefully making
higher education more accessible to more students. The study was based around an introductory nutrition
course in which the researcher developed a place-based textbook that reflects the dietary patterns of local
communities. The researchers found that the students who used the OER textbook performed similarly to
those who used a traditional textbook. It is important to note that each student was able to save $127.50
without sacrificing course performance. The study also found that the course throughput rate (CTR),
which measures the percentages of students who dropped, withdrew, and received a final course grade of
a C or better, was not significantly different between the group using the traditional textbook and the
group using the OER textbook. They also discovered that students’ perceptions, usage, and engagement
with the OER textbook were significantly better that the traditional textbook. Unsurprisingly, students
remarked that the $0 cost of the OER textbook was highly desirable as well as the convenience and ease
of navigation of the OER textbook.13 This is similar to another study that examined the student
performance in a chemistry course, which concluded that there were no significant differences between
students who used an OER textbook compared to students who used a traditional textbook.14 This also
supports a review of OER studies that found that students using OERs perform just as well as students
using traditional textbooks.15
Another study evaluated the experiences students had while using an OER textbook. The study
found that were no differences in usage, engagement, and perception between online and face-to-face
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course that used an OER textbook or a traditional textbook. Their findings also indicated that students
were able to access the OER more easily than traditional textbooks. Most students in the study reported
that course readings were equal to or better than traditional textbooks and would be willing to register for
a course offering similar OERs in the future.16 Bliss and colleagues studied OER adoption across eight
different institutions and found that roughly half of students said that the OER textbooks were of the same
quality as traditional textbooks and nearly 40% said that they were better. When the educators were asked
about the OER quality, about half reported that the OERs were the same quality as the previously used
traditional materials and a third said they thought the OERs were better.17
A multi-institutional study, published in 2015, surveyed nearly 5,000 post-secondary students
using OERs and over 11,000 control students using a traditional textbook, across ten institutions in the
United States and found significant differences. This survey uncovered that in the three key measures of
student success (course completion, final grade of C- or higher, and course grade), “students whose
faculty chose OER generally performed as well or better than students whose faculty assigned a
traditional commercial textbook.” In two key measures of enrollment intensity, which tends to indicate a
student’s progress towards graduation, students in courses using OERs enrolled in significantly higher
number of credits the following semester. The researchers speculate this is due to the cost savings
associated with using OERs.12
These results led us to ask how much the textbook affects students’ success in chemistry at our
own university and what effect (if any) it might have on their course grade. This also led us to question if
switching to an OER textbook would benefit students while also easing financial burdens. It is important
to note that OERs do have their shortcomings. While OERs are gaining popularity, the main OERs
available now are only for common introductory courses. Currently, there are almost no OERs available
for mid- to upper-level courses. For those teaching courses that do not have OERs readily available at this
time, instructors are forced to modify and/or develop OERs themselves. While there are limited grants
and funding for doing so, some faculty members developing these OERs must go unpaid while spending
months or even years of their time developing a quality OER for their students to use.18 This time
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consuming endeavor alone deters many faculty members, but coupled with the possibility of no pay
causes this to be an impossible option. For the OERs that are available, they are available for free
meaning the companies or organizations like OpenStax19 are operating completely through donations.
This means, depending on consistency of funding, there is the possibility of limited funds and manpower
causing certain OERs to not be updated on a timely schedule. This also means that there are limited
supplemental resources available, such as pre-made lecture slides or end of chapter problems and
solutions.18
It is important to note that currently there are still limited options available for OERs. Even in
introductory courses, there are only a few select OERs to choose from. OpenStax19 and Wikibooks20 are
two companies that are both built around creating and promoting the use of OERs. Through their own
time and effort, along with collaboration with outside educators, the availability of OERs is expanding.
OERs are being developed to cover more courses, and introductory courses are beginning to see a wider
range of OERs available for their use.21, 22

A “window of opportunity” for OER

Partially due to the rise of the COVID-19 pandemic and the lasting effects of the 2008 recession,
OER textbooks as well as OER initiative plans have drastically increased in in recent years. In released
data from a survey by Bay View Analytics in partnership with the Western Interstate Commission for
Higher Education’s Cooperative for Educational Technologies (WCET), it was found that faculty
members who are aware of one or more OER initiatives are more likely to adopt to usage of OERs. This
holds true regardless of the instructor’s type of institution, the level of course they teach, or where they
are located in the U.S.23
In response to the COVID-19 pandemic, OpenStax19, a leading provider of OER textbooks, has
seen an explosive amount of growth. OpenStax reported that more than 100,000 students and instructors
have created OpenStax accounts to gain access to OpenStax’s free resources since the spring of 2020.
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OpenStax’s founder, Richard Baranick, stated that this was an increase of over 200 percent when
compared to the same period in 2019.24 As of August 2020, less than a decade since their launch in 2012,
OpenStax reported that they have saved students $1.2 billion and are steadily growing as the interest in
OERs continues to rise.25 The COVID-19 pandemic might just be the “window of opportunity” OERs
have been waiting for to make a lasting difference on the textbook market.

Beyond the Textbook

With more study resources becoming easily available to students, new research studies have
begun to investigate what study resources students are using most frequently. One study surveyed
freshman entering the U.S. Naval Academy (USNA) and found that these students on average are
provided 3 hours a day to study for their 18-credit hour semester course load. This causes the students to
be very selective of their study resources to maximize their limited study time. The researchers found that
the main study resources used were notes and studying prior assessments (56% of students used notes or
prior assessments to study for their first assessment and 71% of students used notes or prior assessments
to study for their last assessment). The researchers also found that the “higher-achieving students (A/B)
are more likely to use study resources that can be used independently of others, such as notes and prior
assessments, but will ask for help from upper classmen or peers when needed.”26
However, notes, textbooks, and prior assessments are not the only study resources available to
students. Noting this, a recent study set out to determine how often and to what extent students use
Wikipedia and other online study resources. This study surveyed over 1,600 students in both STEM and
non-STEM majors. The study found that 87.5% of students reported using Wikipedia as part of their
university studies but Wikipedia was also one of the least likely to be reported as “very useful”, ranking
only above Twitter, educational games, simulations, and “other university websites”. The study found the
most likely applications to be reported as “very useful” were searching the internet, using online library
resources to find information, and “searching for papers/journals on non-university provided scholarly
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websites”. The researchers also found that students were mainly using Wikipedia as a dictionary of sorts,
providing an “entry-level, initial introduction to a topic or area of study” or using Wikipedia as a
bibliographic source by providing students with a list of “further readings.”27
Another study published in 2016 surveyed masters and postgraduate students on the various
“official” and “non-official” digital technology resources they used in relation to their university studies.
This survey found that students reported using the Internet, making use of their university Learning
Management Systems, and using library online resources as the most useful digital resources available to
them. Additionally, their data showed that digital technology is an integral part of the postgraduate
experience, especially seen in “official” digital systems and services such as online library resources and
learning management systems. Through open-ended questions they were also able to uncover that many
students were using learning materials in video form. Aside from recorded university lectures, students
were turning to video sharing websites such as YouTube to find external video content to enhance their
study materials.28
These published results led us to ask what study resources students perceive to be beneficial to
their understanding of course material at our own university and what effect (if any) they might have on
their course grade.

Social Media Tools as a Learning Resource

Internet technology has advanced to allow for massive interaction among users and the sharing of
information in microseconds. Younger generations have grown up with these advances and tend to easily
embrace new technologies while older generations often remain unchanged or slow to adopt. This is
creating a gap in technology between students and faculty even though we see more technology usage in
academia than ever before.29
In 2010, the University of Houston sought to uncover what social media outlets students were
most familiar with, which they used the most, and what were the student’s main reasons for using certain
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social medias. Their study surveyed students on the sixteen most popular social media tools at the time.
The results found that the top three used social media tools were Facebook, Wikipedia, and YouTube.
The top reasons for using their social media tools were for social engagement, direct communication,
speed of feedback, and relationship building. The study continued by surveying participates on the kinds
of social groups they preferred to join through social media. The two most highly preferred social groups
to join were “a group of civically engaged and no membership required” and “a group based on
contemporary topic which may not last long.”
Social media is gaining popularity and momentum. It has now become not only an outlet to
connect with friends and family, but also a place to share world news, find recommendations, find job
listings, and much more. Social media tools provide learners with new opportunities to become
independent in their study and research. The two popular social group types listed above could both be
descriptors of a semester long social group created for easy communications between learners for a
specific course, like the social media outlet GroupMe30 that has recently gained popularity. The
researchers from the University of Houston encourage educators to stay knowledgeable of changing
technology and social media. They acknowledge that not every social media is a proper fit for academia
but they strongly encourage using social media tools when appropriate for the content, subject area, and
learning activities.29
Another study published in 2011 sought to further investigate to what extent students use social
media outlets for educational purposes. The two most used social media tools found in this study were
emailing and instant messaging. Student participants citied that they primarily used e-mail for
communicating with faculty and sharing documents among students. Students said they liked instant
messaging as it is an easy way to get a quick response, coordinate class work, and/or arrange group
meetings. The researchers found that students view Wikipedia and YouTube as sites for retrieving content
and view Facebook as a site to initiate contact with course peers. They concluded that students regard
social media as one of three key means of the educational experience, alongside face-to-face meetings and
using the learning management systems.31
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The Transition to e-textbooks in STEM

Introductory chemistry courses are a foundational course for undergraduate chemistry and
STEM-major programs. For many institutions, the introductory chemistry course may also satisfy
university general science credit requirements. These courses are designed to show how chemistry is
involved in many aspects of our lives, to build a foundational understanding of basic chemistry concepts,
and to introduce students to beginner laboratory skills. Throughout the chemistry education literature,
there are a limited number of research studies conducted on the resources students use to study and their
perceptions of specific resources.14, 32, 33 At this time, the research that has been conducted has been
focused on determining the impact of using an e-textbook designed for general chemistry (often chemistry
major specific) in courses for non-chemistry majors.
A rising trend across the entire education field is the transition from print to e-textbooks. Major
publishing companies are now offering students the original print textbook in an e-textbook format that
allows students to quickly search for keywords and highlight important sections. A recent study found
that chemistry students who used an interactive publisher e-book, compared to the print version of the
same book, showed no significant difference in performance on most assessments. Both the print and ebook groups of students showed comparable learning gains.14 Another study found that e-book students
reported more time spent on homework than print students did and that in comparable features, e-book
reading outlines were found to be more helpful to students than similar aspects in the print format.32 Other
researchers, however, showed that when the same group of students are offered both the e-book and print
versions of their course textbook, around 75% of students in all groups studied preferred the print
textbook over the e-book version.34
Regardless of the textbook’s format, one researcher has noted that students often view their
textbooks as references rather than learning tools.35 In an op-ed for CBE-Life Sciences Education,
Klymkowsky discussed his experience designing an introductory course to be taught without a textbook,
instead using only online resources he had gathered throughout his career. The product is similar to OER
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e-textbooks with free website access, links to related chapters and content, and answers to common
questions and misconceptions. Along with carefully curated in-depth questions and assignments, students
can interact with the material, deepening their understanding of core biology concepts. Klymkowsky
encouraged instructors that use traditional textbooks to consider the following:
“What are the goals of the course, how could the textbook be used to achieve these goals, does this
use justify the cost of the textbook, and are there more educationally effective or cost-effective
alternatives available?”
It is curious to see that students may not be using their textbooks to learn and understand material
in the desired manner, but rather as something to reference or as a source of additional practice problems.
In a study conducted by Turner and Chung, only 65% of the undergraduate chemistry students surveyed
were classified as an “active user” for their online e-text. Turner and Chung defined an active user as any
student who read at least one textbook chapter over the course of an entire school year.34 Studies suggest
that students need additional incentives such as grades, quizzes, or assignments based on the reading to
get maximum engagement. Instructors play an important role in textbook use by facilitating opportunities
for interaction with the content. 34
A recent study in physics found that 97% of the introductory physics students surveyed bought
the required textbook, but less than 41% of those students regularly read their textbook. The researchers
concluded that there was little to no correlation between reading habits and course grades.36 Another
study among general chemistry students did find a significant correlation between time spent reading and
course grades; lower performing students read more than higher performing students. This study also
concluded that there was no correlation found between time spent reading and course grades among
organic chemistry students.33
In a recent study conducted by researchers Elizabeth Day and Norbert Pienta, researchers also
compared outcomes for general chemistry students using a print copy of the textbook versus an
interactive e-textbook copy of the same textbook. The researchers found that switching to the e-book
caused students to dramatically spend more time on their online homework but did not significantly affect
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students’ use of the textbook or discourage using various online study resources such as Google, Yahoo
Answers, or private tutoring companies.32

Theoretical Framework

As universities worldwide grow and more people attain higher levels of education, classes are
being forced to accommodate more students than ever before. Even though the education field has
evolved, the common consensus remains that for a student to have a meaningful and worthwhile
experience, they must have interaction.37 Interaction is a key part in promoting learning, regardless of
whether or not technological tools are part of the educational experience.38 For this study, Moore’s
Theory of Interaction will provide the theoretical framework that informs this study.
M.G. Moore in his Theory of Interaction explains that there are three types of interaction: learnerlearner interactions, learner-instructor interactions, and learner-content interactions. Learner-learner
interactions occur, for example, when two or more learners study for the same course. For this type of
interaction to work among groups, the learner must be actively thinking, engaging, and interacting with
the content and the other learners in the group. Learner-instructor interactions are any interactions
between the instructor and the learner. This can be in the form of delivering information, providing
feedback, or when the learner asks the instructor questions related to the content. Learner-content
interactions occur when the learner directly engages with the content. This is the main interaction where
learning takes place and the interaction that is the most relevant for our studies. Students consume the
various resources at their disposal and should be able to learn and adapt on their own until they master the
content.37 To date, most chemistry education studies focus solely on learner-learner or learner-instructor
interactions and less so on learner-content interactions.32 The majority of learner-content studies tend to
focus on the interaction between learners and content in the forms of textbooks, activities, labs, and/or
homework systems and less so on the newer, online resources such as YouTube, Quizlet, and various
social media apps.
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Of the limited published studies covering learner-content interactions, many have concluded that
frequent learner-content interactions often result in positive learning outcomes for students. A study in
2012 concluded that “learners who spent more time interacting with course content achieved higher
grades than those who spent less time with the content”.39 Furthermore, a 2015 study found that frequent
learner-content interactions in online courses also led to higher perceived course quality.40
Today, higher education is able to deliver study resources in new electronic formats through the
use of the internet. If students deem their university provided materials to be lacking, they have a
multitude of additional resources at their fingertips. In 2001, Palloff & Pratt41 expanded on Moore’s
Theory of Interaction by identifying a fourth type of interaction: the learner-technology interaction, which
is sometimes referred to as the learner-interface interaction.42 Palloff & Pratt describe what is called the
online "learning web" which includes: learner-content interaction, learner-instructor interaction, learnerlearner interaction, and learner-technology interaction. Learner-technology interaction is the skill and
comfort level that the student has with the technology such as the computer, the internet, the institutional
technological infrastructure, and the software that is used for course construction and navigation. Learnertechnology interactions are beginning to blend with learner-content interactions as educators take
advantage of e-textbooks and electronic personal response systems. This blending is also visible as
universities use learning management systems to provide course content, reminders, and assignments to
students electronically. As technology continues to advance, an increasing number of student study
resources are being provided in electronic formats to allow students to be able to easily access their
materials anywhere, at any time.
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CHAPTER 3
RESEARCH STUDIES
We are interested in exploring how open-source materials compare to traditional textbooks in
terms of student learning and use, as well as characterizing additional resources beyond the textbook used
by students to aid their studies. Our hope is to better understand what resources students find useful to
their studies to be better equipped in guiding future students in successful college careers. Understanding
whether costly name brand textbooks have any significant correlation on student success will allow us to
better assign meaningful resources to students in a cost-efficient way.
This research project is divided into two individual studies to explore student resource use in
introductory chemistry courses. The first study evaluates the impact of low-cost, open-education
resources (OER) on student resource use and academic success. The OER textbook was intentionally
designed by Georgia Southern faculty for use by Comprehensive General Chemistry (CHEM 1310)
students.
CHEM 1310 OER Study Research Questions:
•

How do the usage, cost, student learning outcomes, and student perception of previously
required course materials compare to newly-designed affordable course materials?

To address these questions, we administered a survey with Likert-style questions and collected
student final grade data. We analyzed student responses and their final grades to determine if there were
any correlations and/or differences between students using the traditional textbook and the students using
the free, OER e-textbook.
Recognizing that textbooks are not the only study resource students use, we also sought to
determine what additional resources students are using. This led to the development of our second study,
which surveys Principles of Chemistry II (CHEM 1212) students and categorizes the resources students
use and find to be helpful. Our main goal in this study is to determine what resources students find to be
useful and what features of these resources make them desirable to the students. We then compared the
use of various resources to final grades to explore any significant correlations.
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CHEM 1212 Study Initial Research Questions:
•

What resources do students perceive as most helpful to their learning?

•

What resources do students perceive as most helpful to their grade?

•

How does student resource use (both in type and frequency) relate to student success in
the course as measured by final grades?

•

How does student resource use relate to the frequency of faculty mentioning specific
resources to students?

•

How does student resource use relate to the thoroughness of faculty discussion of specific
resources with students?

After piloting our study in the Spring 2020 semester we found that student responses pertaining to
the first two research questions were almost identical. We determined that students did not seem to
recognize a difference between “helpful to their learning” and “helpful to their grade” even with specific
wording to relay the differences. To shorten the survey and avoid confusion, we removed the question
relating to helpfulness to grade and combined our initial two research questions.
CHEM 1212 Study Research Questions:
•

What resources do students perceive as most helpful to their understanding?

•

How does student resource use (both in type and frequency) relate to student success in
the course as measured by final grades?

•

How does student resource use relate to the frequency of faculty mentioning specific
resources to students?

•

How does student resource use relate to the thoroughness of faculty discussion of specific
resources with students?

To address these research questions, we administered a survey to students with Likert-style
questions and collected student final grade data. We analyzed student responses and their final grades to
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determine if there were any correlations between reported student use of certain study resources and their
final course grade. We also analyzed the responses to determine if there were any statistically significant
differences between each semester surveyed in this study.
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CHAPTER 4
COMPREHENSIVE GENERAL CHEMISTRY (CHEM 1310) STUDY
Purpose
In this study, we surveyed students from the Comprehensive General Chemistry course. We
asked them a variety of questions ranging from how often the cost of course materials had affected
registering for a course in the past, to how important they felt reading the textbook was to doing well in
the course, as well as asking the students how often they used the textbook or other study resources. Our
goal was to evaluate the differences, if any, in students using the traditional Pearson e-text and homework
bundle vs. students using our newly created OER e-textbook. While some studies have looked at
differences in switching from print to e-textbooks,14, 15, 34 there is very limited research conducted on
students using a traditional e-textbook vs students using an OER textbook that is engineering-focused.13
Our Comprehensive General Chemistry (CHEM 1310) course is offered nearly exclusively to
underclassmen engineering majors. Given the opportunity to customize the OER textbook, the authors of
the CHEM 1310 textbook chose to create an engineering-focused textbook which aligns with the CHEM
1310 student population. The authors speculated that having examples and problems relating to real life
engineering situations would improve the engagement with the textbook over a traditional book that gives
non-engineering-based examples.
According to a 2017 faculty survey, natural sciences textbooks (chemistry, biology, physics, etc.)
average at $101 per textbook, with some variation in average cost in varying fields of study.18 We believe
this study is important because it evaluates if costly textbooks are worth their price to students and if an
OER can provide equivalent study materials at a much lower cost. Our goal is to provide cost-saving
materials to students without sacrificing student academic success.
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Development of Open-Education Resources: Libguides

Through funding from the Affordable Learning Georgia Textbook Transformation Grant (ALG),
Dr. Beulah Narendrapurapu and colleagues created an open-source textbook4 for engineering majors
enrolled in Comprehensive General Chemistry. This course offers a full year’s worth of chemistry in a
one semester course. Originally this course was using the Pearson Chemistry: The Central Science 14th
which is a chemistry textbook designed for a two-semester introductory chemistry course. The authors of
the OER textbook included four faculty members from the Department of Chemistry and Biochemistry at
Georgia Southern University as well as two library liaisons from the campus library. Over the course of
seven months, the OER textbook was developed to reflect real life engineering situations and problems.
The authors used the original OpenStax Chemistry textbook22 as a foundation and guide to create a
modified textbook with other OERs used to supplement the modified textbook as needed. Once learning
objectives were laid out, content and chapters were rearranged and new content, topics, figures, and
practice problems were created with a focus on real world scenarios. The new content was designed to
relate specifically to engineering majors and scenarios they might encounter in their future careers. The
authors achieved this by modifying and adapting problems, content, and examples. For example, in
chapter 8: Liquids, Solids, and Modern Materials students are given end of chapter questions like the
following: “An engineer is tasked with designing a jet ski hull. What material is most suited to this
application? Why?”
In addition, the authors also chose to use the Sapling digital homework system43 to create relevant
homework problems that would coincide with the newly created OER textbook. This allowed students to
have a textbook and homework system where both would be using similar engineering related problems
in hopes of increasing student learning and understanding of the course content, while keeping costs
lower than what was previously used ($40 vs $180 per student). Once the new OER textbook was created,
Georgia Southern University’s science librarian assisted in uploading the new e-textbook to Libguides
through the library website4, where the students would be able to freely access the e-textbook. Students
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were given a link to the e-textbook in their syllabus as well as a link on Folio to ensure all students could
easily locate the textbook.

Study Population and Design

For this study, we recruited participants from the Comprehensive General Chemistry (CHEM
1310) course at Georgia Southern University’s Statesboro campus. The CHEM 1310 course is mainly
offered to various engineering majors in their freshman or sophomore year of college. We collected
responses from 1310 students over three semesters: Fall 2019, Spring 2020, and Fall 2020. For Fall 2019
and Fall 2020, there were two CHEM 1310 sections of approximately 180 students each offered as a
combination of lecture and lab with each section taught by a different instructor. For Spring 2020, there
were again two sections of CHEM 1310, however one section had roughly 180 students and the other
roughly 48 students. The Fall 2019 semester acted as our control group for this study by using a
traditional, publisher-provided e-textbook and the associated online homework system. Students were
given the option to purchase a hardback copy of the textbook if they desired. The low-cost OER
alternative was provided to the Spring 2020 and Fall 2020 students to replace the traditional e-textbook.
Both were given access to the OER e-textbook through the university’s library website, along with being
asked to purchase a more affordable homework system (see Table 1). For all three semesters, the
resources listed in Table 1 were relevant to lecture discussion and would ideally be used by students
outside of the lecture setting.
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Table 1: Comparison of required materials and associated costs
Below is a table comparing cost of course materials that were required for the control group versus the
treatment groups. For the control group, the e-textbook came bundled with the students’ online homework
system so every student who had access to their homework also had access to the course textbook.

Textbook

Homework

Control Group –

Treatment Groups –

Fall 2019

Spring 2020 and Fall 2020

Pearson Chemistry, The
Central Science 14th

Included with
homework

Pearson Mastering
Chemistry

Libguides e-textbook

$0

$124

Sapling Learning

$35

$56

iClicker Reef

$5

system

Personal
Response

iClicker2

System
Total Cost = $180

Total Cost = $40

Assessment

To determine the potential impacts of the new OER e-textbook, we created and administered an
online survey as well as collected final course grades for all student participants. The framework for the
online survey was adapted with permission from a previous survey created by Gurung and Martin at the
University of Wisconsin.44 Further questions were added to align with our research questions and create
the final version of our survey. The survey asked students to self-report their purchasing habits of prior
course materials and, using a Likert-scale, to indicate how helpful they thought the course materials to be
to various aspects of the course. Continuing to use a Liker-scale, students were asked how often they used
or referred to their textbook, PowerPoint slides, and/or the internet regarding studying for this course. The
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survey also asked students to indicate the effectiveness of different aspects of the textbook such as
figures, tables, and example problems. A copy of the survey can be found in Appendix A. With our
newly-designed OER textbook being hosted on the Georgia Southern Libguides page, we were also able
to use Google Analytics for web statistics, such as how many pageviews our OER textbook received over
the course of the semester.
We administered the online survey to students via Qualtrics.45 Participation in the study was
completely voluntary; students consented to participate and signed an informed consent form included at
the beginning of the survey. Students in the Fall 2019 control group took the survey at the beginning of
their normal lecture class, approximately two weeks before final exam week. We gave students a brief
overview of why they were being asked to take the survey and then provided as much time as needed to
complete the survey (approximately 15 minutes for the entire class to finish).
It is important to note that due to COVID-19, face-to-face instruction was cancelled for all
remaining classes after spring break for the Spring 2020 semester. Upon returning from spring break,
students were required to finish the remaining seven weeks of classes online. The specific format of
online instruction (material uploaded to Folio, YouTube links, group video chat meetings, pre-recorded
videos of instructors lecturing, etc.) was different for each course section depending on how each
professor chose to adapt to online instruction. All remaining quizzes, exams, assignments, as well as the
final exam were given online so students could take them at home. The COVID-19 response and change
of course instruction affected not only the average final grade, but also data collection for this study. In
Spring 2020, instead of asking students face-to-face to take the survey during the beginning of their
lecture class, the survey link was emailed to their professor who then posted it to Folio for students to
access. Similarly, the Fall 2020 semester was still using social distancing and other health regulations. To
reduce the risk of spreading COVID-19 among faculty and students, many courses and labs were taught
partially or fully online. For the majority of the CHEM 1310 courses, half of lectures and labs were
offered online via Zoom or through online lab simulations, while the other half were taught face-to-face.
Of the two sections of CHEM 1310 offered in the Fall 2020 semester, one opted to move fully online for
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the remaining five weeks of the semester. The survey was emailed to this professor who was then able to
post it to the course Folio page for students to access. The other section was still meeting for face-to-face
labs and the course instructor asked the students to take the survey during their last face-to-face lab of the
semester.
Between the two control sections from Fall 2019, 157 students completed the survey. Of these,
151 out of the 157 students surveyed declared some variation of an engineering major with 57% of
respondents classified as freshmen. These statistics keep in line with the fact that the CHEM 1310 is
aimed towards freshman engineering majors. Between the two sections of the Spring 2020 course, only
26 students responded to the survey with all 26 students having some variation of an engineering major.
Whereas in the Fall 2020 semester, 62 students responded to the survey with 96.7% of students having
some variation of an engineering major. We believe the low response rate seen in the Spring 2020
semester is largely due to the impact of COVID-19 moving instruction online for the last five weeks of
the semester. It was left to various professors to encourage students to respond to the survey via Folio.
In addition to the survey, students also took a comprehensive final exam regardless of
participation in the study during finals week. Final exam grades and final course grades were securely
obtained from the course instructors after the semester had concluded. We used final grades for our study
participants to look for any correlations between survey responses and academic performance.

Data Analysis

Once survey responses were collected at the end of each semester, the responses were deidentified and analyzed for general descriptive statistics. Using SPSS, we performed Kendall’s tau-b
analyses to determine if there were any significant associations between course materials and student
success within the course, student views of textbook importance and success within the course, as well as
student use of study aids and their success within the course. We performed Mann-Whitney U tests
through SPSS to determine if there were any significant differences between the control group and the
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various treatment groups. Once the Mann-Whitney U tests were conducted, we also determined the effect
size for any statistically significant differences to determine how “important” or significant our findings
were. Since our free e-textbook was hosted online via Libguides, we also were able to look at Google
Analytics for further analysis on the usage of the e-textbook.

Findings – Textbook Access

A total of 157 students participated in the survey administered to the Fall 2019 control group.
According to the syllabus, this group of students was required to purchase access to the Pearson textbook
and Mastering Chemistry homework system as a bundle. There was no way to purchase access to the
online homework system and not receive access to the publisher’s e-textbook. Of the 170 students, only
91.1% of respondents reported having access to their textbook when, based on purchasing options, all
students should have had access.
The Spring 2020 semester saw the outbreak of the COVID-19 pandemic. All classes were
switched to fully online after spring break (seven weeks remaining in the semester). It is important to note
that due to the transition online, all exams, including the final exam, were administered online. Of the 26
respondents, all of them reported having access to the textbook. At the beginning of the semester, the
professor explained to the students that their textbook would be provided to them for free and showed
them how to access the textbook via the Georgia Southern Libguides page. The link to the textbook was
also included in the course syllabus for future reference.
While the Spring 2020 semester saw the outbreak of the COVID-19 pandemic, the Fall 2020
semester saw the continuation of the pandemic. To social distance and help prevent the spread of COVID19, many precautions were still in place. One of these being reducing the amount of face-to-face contact.
To achieve these, for the majority of the CHEM 1310 courses, half of lectures and labs were offered
online via Zoom or through online lab simulations, while the other half were taught face-to-face. Of the
two sections of CHEM 1310 offered in the Fall 2020 semester, one opted to go fully online for the
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remaining five weeks of the semester. The survey was emailed to this professor who was then able to post
it to the student’s Folio page to access, like the previous semester. The other section was still meeting for
face-to-face labs and asked the students to take the survey in their last face-to-face lab. Like the Spring
2020 semester, all exams, including the final exam, were administered online. The average score on the
final exam was higher than the final exam average of pre-pandemic semesters. Between the two CHEM
1310 courses, 62 students participated in the survey. Of the 62 respondents, 96.77% of them reported
having access to the textbook.

Findings – Cost of Resources and Impacts on Enrollment and Success

Using a Likert scale, we asked students a variety of questions related to how often the cost of
course materials had affected various aspects of past course success and enrollment. For all three
semesters (control and treatment groups), 72% or more of students surveyed reported that they had never
earned a poor grade due to not having the textbook and/or course materials, never chosen not to register
for a course due to the cost of course materials, and never dropped a course because of the cost of course
materials (see Figure 1). Over 23% of students reported that they sometimes purchased some but not all
the required course materials and sometimes registered for a course and not purchase any required
materials. Over 50% of students reported that they had never chosen not to purchase all the required
materials due to cost.
There was a significant correlation found in Spring 2020 between final course grades and the
question “Registered for a course but chose not to purchase any of the required materials” (tb = -0.386, p
= 0.044). It was found that students who reported registering for a course but not purchasing any required
materials less often had higher final course grades. There were no other significant correlations found
between grades and effects caused by cost of course materials on past student success. After collecting
and analyzing our three semesters, we compared each semester to see if there were any significant
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differences found between our control group (Fall 2019) and our two treatment groups (Spring 2020 and
Fall 2020). There were no significant differences found between the semesters.
How often have you…
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Fall Spring Fall Fall Spring Fall Fal Spring Fall Fall Spring Fall Fall Spring Fall Fall Spring Fall
2019 2020 2020 2019 2020 2020 2019 2020 2020 2019 2020 2020 2019 2020 2020 2019 2020 2020
Chosen not to
Registered for a
Dropped a course
register for a desired course but chose not because of the cost
course because of to purchase any of
of materials
the cost of course
the required
materials
materials

Never

Sometimes

Often

Chosen not to
Purchased only some
Earned an
purchase required
of the required
unsatisfactory grade
course materials materials but not all because you did not
because of cost
have access to the
required textbook
and/or course
materials

No Response

Figure 1: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how often the students’ enrollment and purchasing habits of required
course materials have been affected in the past. Note: one star indicates a p-value < 0.05 with the red
color signifying that there is a significant correlation between student responses to “Registered for a
course but chose not to purchase any of the required materials” and final course grades.

After answering questions relating to cost of prior course materials, the participants were then
asked how important they felt their textbook was to various assignments with the CHEM 1310 course.
The Fall 2019 semester based their responses on the traditional Pearson textbook they were assigned,
while the Spring 2020 and Fall 2020 based their responses on the OER e-textbook available through
Georgia Southern’s Libguides page. We found student responses to be similar between the four listed
course aspects (see Figure 2). Over 25% of students reported that the textbook was very much important
for getting a good grade, doing well on homework, understanding the course material, and doing well on
exams (32%, 37%, 31%, and 26% respectively). There were two significant differences found between
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the semesters. One was found between the Fall 2019 and the Spring 2020 semesters, which showed that
the Spring 2020 was more likely to view their textbook as being helpful to them on exams (U = 1479, p =
0.009, r = -0.011). The other significant difference was also found between the Fall 2019 and Spring 2020
semesters and showed that the Spring 2020 semester is less likely to view their textbook as being helpful
for getting a satisfactory grade in the course (U = 1576.5, p =0.035, r = 0.0137). There were no other
significant differences found between the semesters.

How important is the textbook for:

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Fall
2019

Spring
2020

Fall
2020

Doing well on exams
Not at all

Very little

Fall
2019

Spring
2020

Fall
2020

Fall
2019

Spring
2020

Fall
2020

Understanding material Doing well on homework
during lecture
assignments
Neutral

Somewhat

Very much

Fall
2019

Spring
2020

Fall
2020

Getting a satisfactory
grade in the course

Not applicable

No response

Figure 2: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how important the students felt the traditional textbook (Fall 2019) or the
Libguides e-textbook (Spring 2020 and Fall 2020) was to certain course assignments. Note: one star
indicates a p < 0.05, two stars indicates a p ≤ 0.01. The black colored stars signify that there is a
significant difference between two semesters, indicating that the two semesters answered the same
question significantly different of each.

The participants were also asked how often they used various resources to better understand their
course material. The most frequently used method that students selected as a study resource was searching
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the internet, with over 60% of students in each semester reporting they used the internet to understand
course material (see Figure 3). The second most frequently used study resource was PowerPoint or lecture
notes provided by the instructor with over 57% of students in each semester reporting they used them
often. Students were also asked how often they refer to their textbook to understand how to solve
problems as well as referring to the textbook to understand course material. Student responses were
similar in both fall semesters, with over 45% responding with “Sometimes” or “Often” for using the
textbook to solve problems and to understand course material (see Figure 3). Students in the spring
semester reported using their textbook far more often than either fall semester (over 80% responding with
“Sometimes” or “Often”).
There was a significant correlation found in Spring 2020 between final course grades and “Search
for information on the internet (e.g. YouTube, Google, websites, etc) to understand the course material”
(tb = 0.44, p = 0.015). We found that as internet usage increased, student final course grades decreased.
There was also one significant correlation found in Fall 2020 which showed that as students used
PowerPoint or lecture notes more frequently, their final course grade should have been higher (tb = 0.344, p = 0.002). There were multiple significant differences found between the semesters using the
Mann-Whitney test. It was found that the Spring 2020 semester was more likely to use their textbook to
understand the course material than the Fall 2019 semester (U = 1365, p = 0.004, r = -0.0201) and the Fall
2020 semester (U = 462.5, p = 0.001, r = -0.0382) (see Figure 24). Similarly, it was also found that the
Spring 2020 semester was more likely to use their textbook to understand how to solve problems than the
Fall 2019 semester (U = 1169, p = 0.000, r = -0.0171) and the Fall 2020 semester (U = 486, p = 0.002, r =
-0.035). Additionally, it was also found that the Fall 2019 semester was more likely to search for
information on the internet than the Fall 2020 semester was (U = 4561, p = 0.040, r = -0.0089). There
were no other significant differences found between the semesters.
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How often do you engage in each of the following?

text
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Fall
2019

Spring
2020

Fall
2020

Read the textbook to
understand the course
material
Never

Fall
2019

Spring
2020

Fall
2020

Fall
2019

Spring
2020

Fall
2020

Fall
2019

Spring
2020

Fall
2020

Refer to the textbook to Review the Powerpoint or Search for information on
understand how to solve lecture notes provided by the internet to understand
problems
the instructor to understand
the course material
the course material
Rarely

Sometimes

Often

No Response

Figure 3: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how often the students used different study resources to study or better
understand the course material. Note: one star indicates a p < 0.05, two stars indicates a p ≤ 0.01, three
stars indicates a p ≤ 0.001. The black colored stars signify that there is a significant difference between
two semesters, indicating that the two semesters answered the same question significantly different of
each. The red colored star signifies that there is a significant correlation between student responses and
grades for the indicated question.

Additionally, the participants were surveyed over various aspects of their textbook. The students
were asked a variety of questions relating to the figures and tables found within the Pearson textbook
(Fall 2019) or the OER e-textbook via Libguides (Spring and Fall 2020). Students were asked if they
thought the tables and figures within the textbook were easy to understand. Over 50% of students in all
three semesters reported that they agreed or strongly agreed that the tables and figures within the e-
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textbook are easy to understand (see Figure 4). Over 50% of students in all semesters agreed or strongly
agreed that the tables and figures were well placed within the text. In Fall 2019, over 45% of students
agreed or strongly agreed that the tables and figures helped them to understand the text (45% and 54%
respectively). The percentage of “agree” and “strongly agree” was higher for Spring and Fall 2020
ranging from 50% to 65%. There were no significant differences found between any of the semesters.
The following questions pertain to how you interact with the textbook. Consider
the required textbook for this course as you indicate your agreement with each of
the following statements about your textbook:
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Fall Spring Fall
2019 2020 2020

Fall Spring Fall
2019 2020 2020

Fall Spring Fall
2019 2020 2020

The figures help me
The figures are well The figures are easy to
understand the text placed in relation to the
understand
material they discuss

Strongly disagree

Disagree

Neither agree nor disagree

Fall Spring Fall
2019 2020 2020
The tables help me
understand the text

Agree

Fall Spring Fall
2019 2020 2020

Fall Spring Fall
2019 2020 2020

The tables are well
The tables are easy to
placed in relation to the
understand
material they discuss

Strongly agree

Not applicable

No response

Figure 4: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how much the students agreed or disagreed with various statements
regarding the figures and tables found in their traditional textbook (Fall 2019) or their Libguides etextbook (Spring 2020 and Fall 2020).

In addition to being asked about the figures and tables, the participants were also asked about the
sample problems and everyday life example found within the Person textbook (Fall 2019) or the OER etextbook via Libguides (Spring and Fall 2020). Nearly 25%-30% of students in all three semesters agreed
or strongly agreed that the everyday life examples are relevant to their major as career, as well as to their
daily life (see Figure 5). The only exception was Spring 2020 where 53% of students agreed or strongly
agreed that the examples were relevant to their major. Over 45% of students in the Spring and Fall 2020
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semesters agreed or strongly agreed that the everyday life examples helped them to understand the
material and the chemistry content. In the Fall 2019 semester, approximately 36% of students felt the
same. Additionally, over 54% of students in all three semesters agreed or strongly agreed that the sample
problems were helpful to understanding the material and were well placed within the text. Over 37%
agree or strongly agreed that the sample problems were easy to understand. There were no significant
differences found between the semesters.
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The following questions pertain to how you interact with your textbook. Consider
the required textbook for this course as you indicate your agreement with each of the
following statements about your rextbook:

The sample
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The everyday life The everyday life The everyday life The everyday life
problems are well problems help me problems are easy examples are examples help me examples are
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they discuss
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Figure 5: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how much the students agreed or disagreed with various statements
relating to the sample problems and everyday life examples found in their traditional textbook (Fall 2019)
or their Libguides e-textbook (Spring 2020 and Fall 2020).

Lastly, the students were surveyed for their thoughts on the writing style and visual appeal of the
e-textbook. Over 47% of students in all three semesters agreed or strongly agreed that the writing within
the e-textbook was clear and understandable (see Figure 6). Conversely, only fewer students agreed or
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strongly agreed that the writing within the e-textbook is engaging and interesting (21% in Fall 2019, 46%
in Spring 2020, and 27% in Fall 2020). Over 33% of students in all semesters disagreed or strongly
disagreed that the e-textbook is visually distracting, while also agreeing or strongly agreeing that the etextbook is visually appealing. Over 50% of students agreed or strongly agreed that there are enough
study aids included within the e-textbook and that those study aids helped them to understand the
material. There were no significant differences between the Pearson textbook (Fall 2019) and the OER etextbook via Libguides (Spring and Fall 2020).

The following questions pertain to how you interact with your textbook.
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Figure 6: Comparison of student responses between the Fall 2019 control group and the Spring 2020 and
Fall 2020 treatment groups for how much the students agreed or disagreed with various statements
regarding the writing style and study aids found within their traditional textbook (Fall 2019) or their
Libguides e-textbook (Spring 2020 and Fall 2020).
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Findings – Web Analytics

Since the newly designed free e-textbook was hosted on Georgia Southern University’s Libguides
page, Google Analytics was available to evaluate the how often the free e-textbook was accessed in both
the Spring and Fall 2020 semesters. We cannot say how many individual students accessed or used our
Libguides pages. Google Analytics reports each unique device as a different user; this means that if a
student using their personal laptop to access Libguides then used their smartphone to access Libguides in
the future, they would be counted as two different users. This can be seen since Google Analytics
reported a total of 405 users for the Spring 2020 semester when there were only 228 students enrolled in
the CHEM 1310 course. The same can be seen in the Fall 2020 semester when Google Analytics reported
there were 773 users when there were only 384 students enrolled. Due to this inaccurate tracking of users,
we are focusing more on the number of sessions throughout the semesters. A session is any time a user
accesses the Libguides page and actively engages with the site .46 As seen in Figure 7, the Fall 2020
semester consistently saw more sessions than the Spring 2020 semester did. At a maximum in September
2020, there were 943 sessions by students compared to February 2020 where there were only 575
sessions. It is noteworthy to point out that there were roughly 150 more students enrolled in the Fall 2020
semester than the Spring 2020 semester. The average session in the Spring 2020 semester lasted 8
minutes and 20 seconds with an average of 5.06 pages viewed. The Fall 2020 semester average session
lasted 5 minutes and 53 seconds with an average of 4.02 pages viewed per session.
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Figure 7. Google Analytics on comparison of number of sessions for the Libguides e-textbook between
the Spring 2020 and Fall 2020 semesters.

Google Analytics of the Libguides page also revealed that the Spring 2020 semester saw a total of
8,410 pageviews while the Fall 2020 semester saw 12,787 pageviews (see Figure 8). It is interesting to
note that of the majority of the pageviews and sessions for the Spring 2020 semester occurred prior to
spring break (week of March 9th, 2020) and the transition to fully online courses due to the COVID-19
pandemic (see Figure 9). This is most likely due to students switching from using the e-textbook to using
other, new resources like lecture videos created by their professor to study.
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Figure 8. Google Analytics for comparison of number of pageviews between the Spring 2020 and Fall
2020 semesters.

Figure 9. Google Analytics for Spring 2020 semester displaying number of pageviews per week. Peaks
can be seen at the time of each exam with a sharp drop off in views after March 11th, 2020 when the
course transition to a fully online course due to the COVID-19 outbreak.

Discussion

With such varying response rates, we maintain the possibility of having maximum
validity within our findings. While the response rates are largely out of our control, it is a limitation that
must be mentioned for the subsequent discussion. In total we had 157 students complete the survey in the
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Fall 2019 semester, serving as our control group. We then had 26 students complete the survey in Spring
2020 and another 62 students complete the survey in the Fall 2020. These two semesters were given the
OER e-textbook via Libguides to act as our treatment groups.
The first set of questions the students were asked about related to the cost of prior course
materials and what impacts they had on prior course enrollment and/or purchasing habits of course
materials. This set of questions allowed us to see a glimpse of the financial impacts on course enrollment
and purchasing course materials. We saw that an average of about 40% of students each semester had
chosen not to purchase all the required course materials in the past due to cost (see Figure 22). These back
up previous studies that found that due to the cost of materials, some students are enrolling in courses but
are unable to afford all the required materials.2 Previous studies also show that students believe they
would do worse in a course without the textbook(s).10 We hope that by reducing the total price of the
course materials from $180 to only $40 we can ease the financial burden on students while still providing
them with the same quality of course materials.
In the Spring 2020 semester we did find one significant correlation between grades and
registering for courses. We found that the better a student’s grade is, the more likely a student has
registered for a course in the past and not purchased any required materials for that course. We
hypothesize that there are courses with listed required course materials that are not actually required to be
successful in a class. It is possible for a textbook or other material to be listed as required but to serve
only as supplemental material from the students’ perspective.
When the students were asked about how important their textbook was to various course
assignments, we found significant differences between the semesters. We found that the Spring 2020
semester was more likely to view their textbook as being helpful for doing well on exams and getting a
good grade in the course when compared to the Fall 2019 and Fall 2020 semester (see Figure 2). We
know that with the outbreak of the COVID-19 pandemic, the Spring 2020 students were unexpectedly
sent home to finish the semester. This disrupted students’ daily lives and study habits. Tutoring services
or group studying with peers was no longer available or was offered online with limited availability. This
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could have caused students to have a more positive outlook towards their textbook, a resource that did not
change with the transition online.
Additionally, we found that the Spring 2020 semester was more likely to use their textbook to
understand the course material and solve problems than the Fall 2019 and Fall 2020 semester were (see
Figure 3). We see that the Spring 2020 semester, reported using their textbook far more often than the Fall
2020 semester did. We unfortunately cannot see this reported difference clearly through Google Analytics
due to our inability to track individual users. According to Google Analytics, there were consistently
more students accessing the e-textbook on Libguides during the Fall 2020 semester than the Spring 2020
semester (see Figure 7). However, the Fall 2020 semester had almost 150 more students enrolled than that
of the Spring 2020 semester. This alone, with no way of tracking individual student usage of the etextbook, could explain why the Fall 2020 semester has more sessions and pageviews than the Spring
2020 semester.
We should note that the Spring 2020 and Fall 2020 semester would not be expected to be
significantly different from one another. However, with the life altering disruptions caused by the
COVID-19 pandemic, we suspect that the Spring 2020 responses are skewed as students were struggling
to adapt. We hypothesize that the Fall 2020 data is a more accurate representation of student usage of
their textbook as well as how helpful they find their textbook to be. We should also note that in the Spring
2020 semester the library liaison was able to come speak to the students face-to-face in the first few
weeks of the semester. The library liaison showed the students how to access and navigate their libguides
e-textbook. Unfortunately, due to COVID-19 and social distancing, the library liaison was unable to show
the students face-to-face how to access and navigate their e-textbook in Fall 2020. Following the
transition online in the Spring 2020 semester, the lecturing faculty members of the CHEM 1310 course
had pre-lecture assignments based around the e-textbook and would encourage students to refer to the etextbook for help with the course material. However, in the Fall 2020 semester the lecturing faculty
members recorded pre-lecture videos for students to watch before attending the lecture. If students had
trouble understanding content, they were referred to watch the recorded videos rather than refer to the e-
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textbook. They did provide students extra incentives for completing assignments based around reading the
e-textbook.
Among the three semesters, we found two significant correlations between student responses and
grades. We found that for the Spring 2020 semester, the more often a student used the internet to search
for information the more likely they are to have a lower final course grade. This might be due to a
combination between struggling to adapt to the transition online as well as students searching for answers
online rather than searching to better understand their course material. There was also a significant
correlation found in the Fall 2020 semester showing that the more students used PowerPoint slides or
lecture notes, the more likely they are to have a higher final course grade. The PowerPoint slides or
lecture notes are generally created or edited in some way by the course instructor. This means that the
PowerPoint slides and lecture notes may contain similar problems and wording to that of quizzes and
exams. This would allow students to be familiar and comfortable with wording and exam style of their
individual professor.
Regarding the sixteen different questions relating to the features of the textbook, we found no
significant correlations or differences between the semesters. Aside from fluctuations in “Not applicable”
responses, student responses were almost identical across the three semesters. While the new OER etextbook does not appear to be valued any higher by students than the original Pearson textbook, it is
encouraging to see that our new OER is not any worse than a major publisher’s textbook.

Conclusions

This study found that students who used our OER e-textbook reported similar usage and
perceptions to students who used a traditional textbook. This is akin to another study that that examined
the impact of a course-based OER textbook on student performance and found there to be no significant
differences between students using OER textbooks and students using traditional textbooks. The same
study also found that students rated their usage, engagement, and perception with an OER textbook to be
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significantly better than with the traditional textbook.13 This also validates a review of OER studies that
found that students using either an OER textbook or a traditional textbook performed the same.15 It is
encouraging to see that students’ responses for individual aspects within their textbook were very similar
between our control and treatment groups. While our OER may not be better than a traditional textbook,
we were able to create an e-textbook that is comparable to a traditional textbook while have savings of
$140 per student. Around 45% of students each semester reported that the cost of course materials had
caused them to not purchase all the required materials in past at least some of the time.
The Spring 2020 semester not only saw the transition from face-to-face to online learning, but it
also saw upheaval to everyday lives. This combined with low response rates in the Spring 2020 semester,
leads us to not draw many conclusions from data gathering in the Spring 2020 semester. With that said, it
is important to note that there were few statistically significant differences found between the Fall 2019
and the Fall 2020 semesters, despite the two semesters using completely different textbooks.
Students’ usage and perception of the OER e-textbook were similar or better than those
associated with the traditional textbook. This backs up a previous study that showed students’ usage,
engagement, and perception of an OER textbook was better than that of a traditional textbook.13
It is almost important to note that regardless of the textbook assigned (traditional or OER)
students perceived their textbook as being somewhat or very much important for doing well in the course
and/or doing well on course assignments. Also, regardless of the assigned textbooks, students refer to and
used the internet and/or PowerPoint slide provided by their instructor more often than they refer to and/or
used their textbook.

Limitations

This study was conducted during the outbreak and continuation of the COVID-19 pandemic. Due
to this, our findings may not be predictive of student responses in pre-COVID-19 times but it does give a
general idea of how views on the importance of textbook may be in the coming years as we continue to
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adapt to the pandemic. This study only looked at student perception, engagement, and course success. It
did not examine what instructors thought about using an OER textbook in their courses and if instructor
perception of the OER had any influence on students’ usage, engagement, and/or perception of the OER
e-textbook. While we did find that nearly 90% of students across all three semesters used the Internet, we
do not know what they are using on the Internet (YouTube, Wiki, Chegg, etc.).
Our OER textbook seems to be an appropriate economical substitution for a traditional textbook.
However, it is important to note that an institution may need a significant amount of time and resources to
develop and/or adapt to an OER textbook.13 It took the authors of the OER e-textbook used in this study
over seven months to create, as the authors wanted to develop an OER textbook that is reflective of real
life engineering situations and problems. However, this was only due to there not being an engineeringbased chemistry OER textbook available at the time. Currently, there are many well written OER
textbooks and resources available for most introductory courses. Since there was no engineering-based
OER textbook available, the authors did have to seek external funding to be able to afford the time and
labor that went into the development of the OER textbook used in this study.
Also due to COVID-19 and the transition online during the Spring 2020 semester, our response
rate was far lower than anticipated. While we know that asking students to take surveys online yields
lower response rates than asking students face-to-face, this was an unavoidable limitation considering
COVID-19 and the new social distancing guidelines.
Also due to the transition online in the Spring 2020 semester, we cannot be entirely sure what
student responses are referring to. Due to the abrupt transition from face-to-face to online learning,
students were having to rapidly adjust their learning and studying habits to adjust to online learning. Due
to this, we are unsure if students are responding to the survey questions regarding pre-pandemic study
habits, pandemic study habits for online learning, or a mix of the two. We have done our best to
reasonably hypothesize what students were thinking, but without interviewing each student we have no
way of knowing exactly what they were referring to.
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CHAPTER 5
PRINCIPLES OF CHEMISTRY II (CHEM 1212) STUDY
Purpose
While the online learning system and online textbook are required for the Principles of Chemistry
II course, we recognize that there are other resources that students might use and we would like to know
which resources students find to be the most helpful. The students were surveyed on a variety of questions
ranging from how frequently they use “official” study resources (university required or provided
resources) vs. “unofficial” study resources (non-university required or provided resources), as well as
how helpful they think each of the resources were. This study aims to determine which resources students
are using in introductory chemistry and how helpful they perceive those resources to be. For example,
while we did find in the CHEM 1310 that nearly 90% of students across all three semesters used the
Internet, we were not able to determine in that study what students are using on the Internet (YouTube,
Wiki, Chegg, etc.). Our hope is to be able to get a more detailed idea of what students are using to study
with, including more specific usage of certain websites on the Internet. Additionally, we hope to
determine if there is any correlation between a student’s usage of various “official” and “unofficial”
resources and their final course grade.

Study Population and Design

To explore all resources commonly used by students in introductory chemistry courses,
participants were recruited from the Principles of Chemistry II (CHEM 1212) course at Georgia Southern
University’s Statesboro and Armstrong campuses. The CHEM 1212 course is offered to all students but is
mainly taken by students with STEM related majors. Participation was completely voluntary; students
consented to participate and signed an informed consent form. For the Spring 2020 semester, there were
eight sections of roughly 48 students each for CHEM 1212, which was offered with both lecture and lab
components. All students enrolled in the CHEM 1212 course where required to purchase the publisher-
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provided e-textbook and homework access (bundled and sold together). All students were provided equal
opportunities and access to all university- and professor-provided resources. These resources were
provided through class, department-sponsored peer instructor (SI) sessions, office hours, as well as
tutoring resources offered through the university library.

Student Assessment

Through several iterative rounds between researchers, we created a potential list of “official” and
“unofficial” resources that students might use for studying and learning. A survey was then designed in
Qualtrics to ask students about their use and perceived helpfulness of each resource. Using a 5-point
Likert scale, students were surveyed for how often they used “official” study resources (textbook,
homework, material generated during lecture, lecturer provided materials via Folio, instructor office
hours, SI sessions, and the Academic Success Center) and “unofficial” study resources (free online study
resources, paid online study resources, paid or private tutoring, face-to-face or group study, and peer
messaging) as well as how helpful they perceived each to be. For resources that students selected to be
“Helpful” or “Very Helpful”, as well as “Unhelpful” or “Very Unhelpful”, students were asked to further
explain their responses in short answer format to gather more details. A copy of this survey is included in
Appendix B. In the Spring 2020 survey, students were asked two different questions: “How helpful to
your grade do you find the following resources?” and “How helpful to your understanding do you find the
following resources?” Student responses revealed that they were unable to differentiate between helpful
to their grade vs. helpful to their understanding. Student written responses expressed frustration for
having to answer the “same question” twice. Due to this, the Fall 2020 version of the survey removed the
“helpful to your grade” question to eliminate student confusion.

As with the CHEM 1310 study, COVID-19 caused face-to-face instruction to be cancelled for all
remaining classes after spring break for the Spring 2020 semester. The COVID-19 response and change
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of course instruction affected not only the student experience and potentially grades, but also data
collection for this study. Instead of recruiting students face-to-face to take the survey during the beginning
of their lecture or lab, the survey link was emailed to their professor who then posted it on the students’
Folio page to access. Due to this, student response was low as it was left to various professors to
encourage students to respond to the survey. Between all 1212 sections in Spring 2020, 39 students
completed the survey (N = 39). All students took a comprehensive final exam regardless of participation
in the study during finals week. Final exam grades and final course grades were securely obtained from
the course instructors after the semester had concluded. In Fall 2020, students were asked during the last
two weeks of face-to-face labs to complete the survey via Qualtrics. A total of 147 students (N=147),
between the Armstrong and Statesboro campuses, completed the survey.

Data Analysis

Survey responses were collected at the end of the semester, de-identified, and analyzed for
general descriptive statistics after course grades were received. Using SPSS, we performed Kendall’s taub analyses to determine if there were any significant associations between resources students used
(official and unofficial resources), student feedback on how helpful the resources were, and student final
course grades. To compare responses from Fall and Spring semesters, we performed Mann-Whitney U
tests through SPSS to determine if there were any significant differences between the two semesters.
Once the Mann-Whitney U tests were conducted, we also determined the effect size to determine how
“important” the significant differences were.

Findings – Spring 2020

The Spring 2020 semester saw the outbreak of the COVID-19 pandemic. Due to this, only 39
students completed the survey. It is important to note that due to the transition online, all exams,
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including the final exam, were administered online. The average score on the final exam was higher than
the final exam average of the previous semester. Using a Likert scale, students were asked a variety of
questions related to how often they used various “official” resources that are either provided or required
by the University.
Over 40% of students reported having used the Academic Success Center, SI sessions, and
instructor office hours once a semester or less (72%, 56%, and 43.6% respectively) (see Figure 10).
Conversely, over 70% of students used homework, materials generated in lecture, and lecturer provided
materials via Folio two or more times a week (72%, 82%, and 87% respectively). 56% of students
reported using the textbook two or more times a week. There were two statistically significant
correlations found in the Spring 2020 student responses. One was found between grades and “How
frequently do you use or reference the Academic Success Center” (tb = -0.331, p = 0.02). This shows that
the more students reported using the Academic Success Center, the more their final course grade
decreased. The other was found between grades and “How frequently do you use or references the
textbook” (tb = -0.301, p = 0.035). This indicated that the more a student uses their textbook the more
their final course grade decreased. There were no other statistically significant correlations found
between grades and the frequency of student usage of “official” resources.
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Lecturer provided materials via folio
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Figure 10: Student responses for the frequency that they used “official” University provided or required
study resources to better understand or learn the course material. There were two significant correlations
found. One was found between grades and “How frequently do you use or reference the Academic
Success Center” (tb = -0.331, p = 0.02). As students reported using the Academic Success Center more,
the more likely their final course grade decreased. The other significant correlation found was between
grades and “How frequently do you use or reference the textbook” (tb = -0.301, p = 0.035). The more a
student reported using their textbook, the more likely their final course grade decreased. Note: one star
indicates a p < 0.05 with the red color signifying that there is a significant correlation between student
responses and grades for the indicated question.

Over 50% of students reported using peer messaging and free online study resources, two or more
times a week (53% and 66% respectively) (see Figure 11). Additionally, over 30% of student said they
have never used face-to-face or group study with peer or paid online study resources (33% and 51%
respectively). However, nearly 80% of students reported that they have never used paid or private
tutoring. There was a statistically significant correlation found between grades and the frequency of using
free online study resources (tb = -0.289, p = 0.047). We found that the more students reported using free
online study resources, the more their final course grade decreased. There were no other significant
correlations found between grades and the frequency of using “unofficial” study resources.
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Figure 11: Student responses for the frequency that they used “unofficial” study resources that are not
provided or recommended by the University to better understand or learn the course material. There was
one significant correlation found between grades and “How frequently do you use free online study
resources” (tb = -0.289, p = 0.047). The more a student reported using free online study resources, the
more likely their final course grade decreased. Note: one star indicates a p < 0.05 with the red color
signifying that there is a significant correlation between student responses and grades for the indicated
question.

Students were also asked how helpful to their grade and how helpful to their understanding did
they find the various “official” resources to be. Even with making it very clear that getting a good grade
in the course does not mean the student understands the material well, student responses were still nearly
identical between the two questions (see Figure 12 and Figure 13). Over 20% of students reported that
they did not use the Academic Success Center (56%/64%), SI sessions (33%/43%, and instructor office
hours (23%/28%). Conversely, almost 50% of students reported that they used lecturer provided material
via folio (56%/46%), materials generated during lecture (48%/46%), and homework (46%/38%), were
very helpful. Over 25% of students reported that their textbook was very helpful (30%/25%).
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There were multiple statistically significant correlations found between grades and perceived
helpfulness. A significant correlation was found between grades and perceived helpfulness of materials
generated during class towards their grade (tb = 0.321, p = 0.028). This positive correlation indicates that
the more a student reported using materials they generated during class, the higher their final grade was.
Other significant positive correlations were found between:
•

grades and perceived helpfulness of instructor provided materials via Folio to a student’s grade (tb
= 0.316, p = 0.031)

•

grades and the perceived helpfulness of instructor office hours to students’ grade (tb = 0.284, p =
0.043)

•

grades and perceived helpfulness of instructor provided material to students’ understanding (tb =
0.334, p = 0.023).
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Figure 12: Student responses for the perceived helpfulness of “official” study resources in getting a
desired grade in the course. There were three significant correlations found between grades and student
responses. There were significant correlations found between grades and instructor office hours (tb =
0.284, p = 0.043), grades and lecturer provided materials via Folio (tb = 0.316, p = 0.031), and grades and
materials generated during lecture (tb = 0.321, p = 0.028). It was found for all of these that the more a
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student reported finding these resources helpful, the more their final course grade went up. Note: one star
indicates a p < 0.05 with the red color signifying that there is a significant correlation between student
responses and grades for the indicated question.
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Figure 13: Student responses for the perceived helpfulness of “official” study resources for better
understanding the course material. There was one significant correlation found between grades and “How
helpful to your understanding do you find lecturer provided materials via Folio to be” (tb = 0.334, p =
0.023). The more a student perceived instructor provided materials via Folio to be helpful, the more their
final course grade increased. Note: one star indicates a p < 0.05 with the red color signifying that there is
a significant correlation between student responses and grades for the indicated question.

Students were also surveyed on the helpfulness of the “unofficial” study resources on their grade
and understanding. Again, we see that while the survey emphasized that a good grade does not necessarily
mean understanding the material, student responses were almost identical (see Figure 14 and Figure 15).
Over 15% of students reported that peer messaging (33%/30%), face-to-face or group study with peers
(17%/28%), and paid online study resources were very helpful (33%/25%). Nearly 80% of students
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reported that they have not used paid or private tutoring (84%/79%). However, over 50% of students
found free online study resources to be very helpful (64%/56%). There were no significant correlations
found between grades and student perceived helpfulness of “unofficial” study resources to with student
grade or to student understanding.
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Figure 14: Student responses for the perceived helpfulness of “unofficial” study resources to their final
course grade.
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Figure 15: Student responses for the perceived helpfulness of “unofficial” study resources for
understanding the course material.

Findings – Fall 2020

While the COVID-19 pandemic outbreak moved the end of the Spring 2020 semester online, the
Fall 2020 semester, while primarily face-to-face, still saw a continuation of social distancing and other
health precautions to slow and stop the spread of the COVID-19 virus. The CHEM 1212 courses are
generally taught as fully face-to-face lectures and labs. To accommodate health guidelines, however,
many CHEM 1212 courses were taught as hybrid or flipped classroom courses. Some instructors offered
half the normal lectures online to reduce contact among faculty and students. Others required students to
navigate learning material before face-to-face session so the in-person sessions could focus on practice
problems and worksheets. Instructor office hours and SI sessions were offered online rather than the
traditional face-to-face format. For the Fall 2020 semester, 123 students responded to our survey across
the Statesboro and Armstrong campuses. At the end of the semester to maintain social distancing, final
exams were administered online for students to take at home.
Over 50% of students reported that they never used the Academic Success Center, SI sessions, or
instructor office hours (73%, 60%, and 56% respectively) (see Figure 16). Over 60% of students reported
using lecturer provided materials via Folio, materials generated during lecture, and homework two or
more times a week (73%, 69%, and 63% respectively). 18% of students said they used their textbook two
or more times a week, with 26% of students saying they never used their textbook. There were no
significant correlations found between grades and student usage of resources.

57

How frequently do you use or reference the following "official"
resources:
Academic Success Center
SI Sessions
Instructor Office Hours
Lecturer provided materials via folio
Materials generated during lecture
Homework
Textbook

0%
Two or more times a week

10%

Once a week

20%

30%

40%

Once a month

50%

60%

Once a semester

70%
Never

80%

90% 100%

No Response

Figure 16: Student responses for how often they used “official” resources provided or required by the
University. In comparison to previous semesters, instructor office hours and SI sessions were offered only
as virtual meetings to reduce face-to-face contact.

When asked about the “unofficial” resources, over 30% of students said they used peer messaging
and free online study resources two or more times a week (49% and 30% respectively) (see Figure 17).
Over 45% of students reported never using face-to-face or group study with peer and paid online study
resources (55% and 47% respectively). 87% of students reported that they never used paid or private
tutoring. There were no significant correlations found between grades and student usage of “unofficial”
resources.
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Figure 17: Student responses for how often they used “unofficial” resources. Social distancing and other
health regulations were still in place for the Fall 2020 semester so things like face-to-face or group study
were not recommended or allowed as they were in previous semesters.

In addition to how often they used various resources, the students were also asked how helpful
the resources were to their understanding of course material. Over 50% of students reported that they
never used the Academic Success Center, SI sessions, or instructor office hours (68%, 61%, and 54%
respectively) (see Figure 18). Over 55% of students found lecturer provided materials via Folio, materials
generated during lecture, and homework to be very helpful (58%, 56%, and 56% respectively). 17% of
students reported that the textbook was very helpful, with an additional 39% of students reporting it was
helpful. There were no significant correlations found between grades and students perceived helpfulness
of the “official” resources.
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Figure 18: Student responses for how helpful the “official” resources provided or required by the
University were to the student’s understanding. In comparison to previous semesters, instructor office
hours and SI sessions were offered only as virtual meetings to reduce face-to-face contact.

In additional to asking students how helpful they found “official” resources to be, students were
also asked how helpful they found the various “unofficial” resources to be. Over 30% of students found
peer messaging and paid online study resources to be very helpful to them (30% and 34% respectively)
(see Figure 19). Over 50% of students reported that they did not use face-to-face or group study with
peers and paid or private tutoring (52% and 82% respectively). Nearly 62% of students reported that free
online study resources were very helpful to them. There were no significant correlations found between
grades and the students perceptions of how helpful the “unofficial” resources were to them.
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Figure 19: Student responses for how helpful they thought the “unofficial” resources were to their
understanding of course material. Social distancing and other health regulations were still in place for the
Fall 2020 semester so things like face-to-face or group study were limited or not allowed in certain places
on campus.

Findings – Spring 2020 vs. Fall 2020 Comparison

After collecting and analyzing our two semesters, we compared the two semesters to determine if
there were any significant differences between our semesters. With the breakout of the COVID-19
pandemic during the Spring 2020 semester, we were unable to collect as many student responses as
possible in the Spring and Fall 2020 semesters with trying to maintain social distancing and limiting faceto-face interactions. With this said, the Spring 2020 semester had 39 participants, and the Fall 2020
semester had 123 participants.
The first set of questions asked students how often they used the following “official” resources:
textbook, homework, materials generated during lecture, lecturer provided materials via Folio, instructor
office hours, SI sessions, and the Academic Success Center. Three significant differences were found
showing that the Spring 2020 reported using their textbook (U = 1256.5, p < 0.001, r = -0.028), instructor
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office hours (U = 1402.5, p < 0.001, r = -0.0257), and SI sessions (U = 1605, p = 0.001, r = -0.021) more
than the Fall 2020 semester did (see Figure 38).

How frequently do you use or reference the following "official" resources:
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Figure 20: Comparison of student responses between the Spring 2020 and Fall 2020 semester for the
frequency of “official” study resource usage. Note: one star indicates a p < 0.05, two stars indicates a p ≤
0.01, three stars indicates a p ≤ 0.001. The black colored stars signify that there is a significant difference
between two semesters, indicating that the two semesters answered the same question significantly
different of each.

Additionally, students were asked to report how often they used the following “unofficial”
resources: free online study resources (Google, YouTube, Khan Academy, Quizlet etc.), paid online study
resources (Chegg, CourseHero, etc.), private or paid tutoring, face-to-face or group study with peers, and
peer messaging (Texting, GroupMe, SnapChat, etc.). There was one significant difference found, showing
the Spring 2020 used face-to-face or group study more often that the Fall 2020 semester did (U = 1754, p
= 0.007, r = -0.0167) (see Figure 21).
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Figure 21: Comparison of student responses between the Spring 2020 and Fall 2020 semester for the
frequency of “unofficial” study resource usage. Note: one star indicates a p < 0.05, two stars indicates a p
≤ 0.01, three stars indicates a p ≤ 0.001. The black colored stars signify that there is a significant
difference between two semesters, indicating that the two semesters answered the same question
significantly different of each.

In addition to the frequency to which students used the “official” resources, they were also asked
to rate how helpful they found each “official” resource to be. Three significant differences were found
showing the Spring 2020 semester found the textbook (U = 1833, p = 0.02, r = -0.0143), homework (U =
1833, p = 0.014, r = -0.0152), and instructor office hours (U = 1628.5, p =0.003, r =-0.0187) to be more
helpful than the Fall 2020 semester (see Figure 22).
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Figure 22: Comparison of student responses between the Spring 2020 and Fall 2020 semester for the
perceived helpful of “official” study resources on student understanding. Note: one star indicates a p <
0.05, two stars indicates a p ≤ 0.01, three stars indicates a p ≤ 0.001. The black colored stars signify that
there is a significant difference between two semesters, indicating that the two semesters answered the
same question significantly different of each.

Similarly, the students were asked to report how helpful they found the “unofficial” resources to
be. There was one significant difference found showing the Spring 2020 semester found face-to-face or
group study with peer to be more helpful than the Fall 2020 semester (U = 1745, p = 0.016, r =-0.015)
(see Figure 23).
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Figure 23: Comparison of student responses between the Spring 2020 and Fall 2020 semester for the
perceived helpful of “unofficial” study resources on student understanding. Note: one star indicates a p <
0.05, two stars indicates a p ≤ 0.01, three stars indicates a p ≤ 0.001. The black colored stars signify that
there is a significant difference between two semesters, indicating that the two semesters answered the
same question significantly different of each.

Discussion
In addition to half of the labs and lectures being conducting online, instructor office hours and SI
sessions were held only online in the Fall 2020 semester. Instructor office hours and SI sessions started
off face-to-face in the Spring 2020 semester but then went fully online following the outbreak of the
COVID-19 pandemic. Also following the outbreak of the COVID-19 pandemic, admittance and social
gathering was limited or banned in all university buildings. Due to this, face-to-face and group studying
with peers was not as accessible to students as it was in pre-pandemic semesters.
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The first set of questions asked students to self-report how often they used “official” resources
(textbook, homework, materials generated during lecture, lecturer provided materials via Folio, instructor
office hours, SI sessions, and the Academic Success Center) (see Figure 20). We found that the Spring
2020 semester reported using their textbook, instructor office hours, and SI session more often than the
Fall 2020 semester reported. We are unable to determine if the Spring 2020 students reported their
resource use before the switch online, after the switch online, or a mix of the two. With this noted, we feel
like students may have used their textbook more the Spring 2020 after the switch online and students
were trying to adapt to virtual learning. We hypothesize that the decrease between Spring and Fall 2020 in
terms of their usage in instructor office hours and SI sessions, comes from students not wanting to attend
instructor office hours and/or SI session now that the two are held fully online.
The Spring 2020 data also showed that as student usage of the textbook and/or Academic Success
Center increased, their final course grade decreased (see Figure 20). We hypothesize the textbook causing
students’ grade to decrease is related to the COVID-19 outbreak, the abrupt transition to virtual learning,
and students struggling to adapt to new learning and studying methods. As for the Academic Success
Center, a University funded tutoring center, we hypothesize that we see grade decreasing and usage
increased due to there be a range in the quality of tutors available at the Academic Success Center.
Students may be paired with tutors who are not giving correct information to students.
Like the first set of questions, the second set of questions asks students to self-report how often
they used “unofficial” resources: free online study resources (Google, YouTube, Khan Academy, Quizlet
etc.), paid online study resources (Chegg, CourseHero, etc.), private or paid tutoring, face-to-face or
group study with peers, and peer messaging (Texting, GroupMe, SnapChat, etc.). We did find that the
Spring 2020 used face-to-face or group study with peers more often than the Fall 2020 semester did (see
Figure 21). This is reasonable as the Spring 2020 had half a semester to have face-to-face contact with
others before the COVID-19 outbreak, whereas the Fall 2020 was entirely conducted with social
distancing and limited face-to-face contact.
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The Spring 2020 semester did show that as student usage of free online study resources increase,
their final course grade decreased (see Figure 11). While educational platforms and videos are included in
the free online study resources (such as YouTube and Khan Academy), there are many platforms included
in the free online study resource list (Google, Quizlet, etc.) that would provide students with direct
answers. This could cause students to be able to easily receive answers without learning the course
content, causing lower grades on course assignments and eventually lower final course grades.
In addition to asking students to report the frequency of using the “official” study resources,
students were also asked to report how useful they found each study resource to be. We found that the
Spring 2020 semester rated the textbook, homework, and instructor office hours to all be more helpful
than the rating the Fall 2020 gave the same resources (see Figure 22). Again, we feel the difference in
textbook and homework perceived helpfulness is caused by the change of learning and studying
associated with the transition to virtual learning in the Spring 2020 semester. We also hypothesize that the
Spring 2020 perceived instructor office hours to be more helpful to them than the Fall 2020 semester
because the Spring 2020 was able to face-to-face attend instructor office hours for the first half of the
semester.
The Spring 2020 semester also reported positive correlations between grades and perceived
helpfulness for materials generated during lecture, instructor provided materials via Folio, and instructor
office hours. This would hold in line with the idea that students would be more reliant on communications
with their instructor and the materials their instructor provides to them to help them learn in a new virtual
learning setting.
Additionally, students were asked to report how helpful they found the “unofficial” resources to
be. There was one significant different found between the Spring and Fall 2020 semesters showing the
Spring 2020 semester found face-to-face or group study with peers more useful than the Fall 2020
semester (see Figure 23). This holds in line with the Spring 2020 having normal social gatherings for the
first half of the semester, while the Fall 2020 only had limited to no social gatherings during their
semester. When students were responding to the survey at home, they would most likely answered this
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question to regard to how useful face-to-face or group study with peers was before the COVID-19
outbreak.
It was stunning to see that not a single student reported any of the “unofficial” resources as being
“Very Unhelpful” and only 1-8% of students reported any of the “unofficial” resources are being
“Unhelpful.” This is something to ponder and evaluate what it is making the “unofficial” resources almost
unanimously rated as being helpful among students. We speculate that students are finding that ability to
receive instantaneous help, as well as the ability to have someone explain how to solve problems as being
highly helpful to them.

Conclusions

While we had no way of knowing about the outbreak of the COVID-19 pandemic, this study was
unintentionally almost fully conducted during a pandemic. While it may not be predictive of study usage
during “normal times” it does reveal student study habits during a pandemic. We hope this study serves to
be influential in the coming years as we continue to see the lasting affect of the COVID-19 pandemic.
We did find that of the “official” resources, lecturer provided materials via Folio and materials
generated lecture are reported being the most used as well as the most helpful. It seems that student focus
heavily on materials that come directly from their instructor, whether that by through Folio or through
lecture.
Of the “unofficial” resources, we found that free online study resources and peer messaging were
used more often and found to be more helpful than paid online study resources and paid or private
tutoring. Many students require some form of financial aid, loans, or need to have a part time job to afford
attending college. It makes sense that students on tight budgets would seek to use study resources that do
not require additional costs to access or use.
In comparing our Spring 2020 and Fall 2020 semesters, we found that the Spring 2020 semester
reported using resources more when they were still face-to-face. After the outbreak of the COVID-19
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pandemic in the Spring 2020 semester, study resources like instructor office hours and SI sessions
transitioned from face-to-face to fully online. This remained in place for the duration of the Fall 2020
semester. Between the Spring and Fall 2020 semesters, we see that the Spring 2020 reported using their
instructor office hours and SI sessions more often than the Fall 2020 did. This can be predictive of how
students will respond when their resources are changed from face-to-face to fully online.
A similar trend was also seen where the Spring 2020 semester reported using face-to-face or
group study with peer more often than the Fall 2020 semester. We are encouraged to see that students
seem to be proactive in trying to social distance during the current pandemic by reducing their reported
usage of face-to-face or group study with peers.

Limitations

This study unintentionally was almost fully conducted during the outbreak and continuation of
the COVID-19 pandemic. Due to this, our findings may not be predictive of student responses in what
was “normal times” but does give a good idea of the study resources that students are currently using
considering the pandemic as well as to what they may continue to use in the coming years as we continue
to adapt to the pandemic.
Due to the COVID-19 pandemic and social distancing guidelines, study resources like instructor
office hours and SI session changed from being held face-to-face to being offered only online. This was
an unavoidable change considering COVID. We do note that for these two resources, we can see that
students report using these resources less in the Fall 2020 semester when they were offered fully online
versus the Spring 2020 semester which was face-to-face for the first half of the semester. We hypothesize
that this change is due to student not wanting to use online resources as much as face-to-face resources.
Also due to COVID-19 and the transition online during the Spring 2020 semester, our response
rate was far lower than anticipated. While we know that asking students to take surveys online yields
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lower response rates than asking students face-to-face, this was an unavoidable limitation considering
COVID-19 and the new social distancing guidelines.
Also due to the transition online in the Spring 2020 semester, we cannot be entirely sure what
student responses are referring to. Due to the abrupt transition from face-to-face to online learning,
students were having to rapidly adjust their learning and studying habits to adjust to online learning. Due
to this, we are unsure if students are responding to the survey questions regarding pre-pandemic study
habits, pandemic study habits for online learning, or a mix of the two. We have done our best to
reasonably hypothesize what students were thinking, but without interviewing each student we have no
way of knowing exactly what they were referring to.
Additionally, this survey was conducted between Georgia Southern University’s Statesboro and
Armstrong campuses. While individual faculty members can design and teach their course as they chose,
the two campuses used different instructional methods. This study did not separate students taught on the
Statesboro campus from the Armstrong campus or even from students enrolled in the fully online section.
In addition to the two campuses using different instructional methods, the Armstrong campus did not
have SI sessions available to its students. Armstrong student participants taking the survey were given the
same copy of the survey as Statesboro student participants who did have access to SI sessions.
We also note that the student survey was not given anonymously. With IRB approval, students
were asked to report their name and Eagle ID so their name could be linked with their answer choices. We
do note that some of our questions, such as asking students to report how often they use paid online study
resources (commonly referred to as “cheating websites”), may have given students pause to answering
honestly. While we made it very clear that their responses would not affect their grade (positively or
negatively) and that their instructor would never see their answers, we do understand why some students
may not have felt comfortable answering some of the questions truthfully.
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CHAPTER 6
PRINCIPLES OF CHEMISTRY II (CHEM 1212) STUDY QUALITATIVE ANALYSIS
Introduction
In addition to answering the questions discussed in the previous chapter using a survey with
Likert-scale items, students were also asked a series of open-ended questions. These questions asked the
students to elaborate on why they marked certain resources as “Very Helpful” or “Helpful” or “Very
Unhelpful” or “Unhelpful”. These open-ended questions were optional and students were able to skip
over these questions if they did not want to respond to them.
Data Analysis
After using various analysis methods for the quantitative data from the Likert scale questions
described in Chapter 5, we analyzed the qualitative data from the open-ended questions. The responses
were read through initially to gain an overall sense of the data. The responses were then read again and
open-coded to produce categories that identified the pros and cons of different study resources.
After reading through all the student responses, we were able to create a list of categories that
student quotes would fall into. While reading through student responses we noted that a single quote
could encompass multiple of our categories. Throughout our analysis of student quotes, our categories list
was revised to better align with our data. For example, we noted that some students remarked that study
resources were unhelpful to them solely because of timing or scheduling issues. This is different than a
student remarking that a study resource is unhelpful because of how it is made or the content it contains.
Each time a new category was added, we reread through our student quotes looking for quotes that fit into
our new category.
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Written Student Responses

Our findings are further described and illustrated through quotes from the open-ended responses
by students. Students were asked to elaborate on why they marked certain study resources as being “Very
Helpful” or “Helpful” as well as those they marked “Very Unhelpful” or “Unhelpful”. Students were able
to skip these questions if they did not wish to answer. While we have strived to present the participants
responses exactly as written, we have lightly edited some quotes. These changes are clearly indicated and
were used to clarify responses and/or exclude irrelevant information. Many clarifications included
inserting nouns in the place of pronouns. Quotes are indented and attributed to the speaker in pseudonym.

“Official” Resources
Textbook
When students were purchasing their required homework system access, an e-textbook version of
the required textbook was included. This allows us to assume that every student had access to both their
textbook and their homework. 26 students discussed why the textbook was helpful, a sampling of student
responses is listed below.
Susan: “The textbook provided practice problems that helped me understand better through practice.”
James: “The textbook is a helpful resource to supplement the lectures because it sometimes [goes]
into more depth than the professor or explains topics in a different form.”
However, there were 21 student participants who also expressed displeasure regarding the
textbook. These remarks tended to focus on the wording of the textbook being unclear to them, hard to
follow, or boring to read.
Brenda: “The textbook was too many big blocks of texts that I personally could not keep up with or
focus on.”
Linda: “The least helpful resource is the online textbook. I personally get distracted and have a hard
time learning from online textbooks.”
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Homework
Students were required to purchase access to the online Sapling homework system. This
homework system allows instructors to assign premade questions to students. The homework system can
provide hints to help students figure out how to solve problems. Sapling automatically grades student
answers to questions as soon as they submit their answer. This allows students to receive instant feedback
on their work. 56 students described how the homework was helpful to them, a sampling of student
responses is provided below.
Cheryl: “I learn by doing things so Sapling Learning gives me practice problems and it helps me get a
better understanding.”
Donna: “I think the homework is the most helpful because we can work out the problems on our own
and we have multiple chances to try.”
While many students noted the benefit of the practice problems the homework provides to them, students
also commented on the length of the homework as well as the difficulty of the homework not being in line
with the difficulty of quizzes and exams. A sampling of the 16 student responses regarding the homework
being unhelp is provided below.
Pamela: “Sapling would be helpful IF problems were the same or closer to ones that are on exams or
used [in] class examples most of the time the problems are way too difficult and honestly a waste of
time since they are far from the kinds of problems that are on exams.”
Morris: “The homework does not match up to everything we learned and is confusing.”

Materials generated during lecture
While attending lecture, students were able to generate study materials such as taking notes to
refer to when studying. 25 students recorded responses describing how materials generated during lecture
was helpful to them. A sample of these student responses regarding materials generated during lecture are
provided below.
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Robert: “Notes help with the homework and are useful for learning new material and concepts as well
as referring to them when stuck on homework problems.”
Rebecca: “I found lecture materials very helpful. Being able to see your professor’s [thoughts] written
on the board helps with retaining all the information given, and copying your own notes down.”
Since materials generated during lecture (note taking) is unique to each student, there were few
student responses regarding materials generated during lecture being unhelpful. Two of the three total
student responses are provided below.
Debra: “If I do not understand the material that the professor is talking about in those moments, my
notes will be far from great/explanatory/reliable.”
David: “The professor went so fast that by the end of class I was worn out and had less than half the
notes she went over because I could not write quick enough.”

Instructor provided materials via Folio
Instructor provided materials via Folio were unique to each instructor. However, providing a
version of the PowerPoint slides present in lecture on Folio is common among faculty. After the outbreak
of the COVID-19 pandemic, instructors also began recording videos of themselves teaching a concept
and/or recording online lecturers and posting them to Folio so students could go back and watch them at
any time. 53 student participants responses describing how instructor provided materials were helpful to
them. A sampling of these student responses regarding the helpfulness of instructor provided materials via
Folio is provided below.
Cliff: “Any notes or things posted by the professor of course are ALWAYS helpful [because] the info
is coming straight from the teacher.”
Cheryl: “The PowerPoint outline is also very helpful to reference and so I can pay attention in class
instead of stressing about trying to write down everything.”
Instructor provided materials via Folio are entirely optional for the students to use. While they do
tend to create a framework for note taking and provide information if a student missed writing something
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down, they are not required in anyway. Only four total students responded to instructor provided
materials being unhelpful. A sampling of these responses is provided below.
Cody: “PowerPoints are honestly unbearable and make is so confusing and awful.”
Elizabeth: “The slides are very lengthy and it is hard to balance reading through 100 lecture slides for
one chapter and doing the homework as well.”

Instructor office hours
At the beginning of the Spring 2020 semester, instructor office hours were offered face-to-face.
Instructor would inform students of the times they would be freely available in the office to discuss
course content. Some instructors were able to meet students outside of their set office hours in an attempt
to get around scheduling issues. After the pandemic outbreak in the Spring 2020 semester and continuing
into the Fall 2020 semester, instructor office hours were offered solely online. Instructors would share an
online meeting link with students and students could join the online meeting to ask questions regarding
the course. A sampling of the nine student responses received regarding the helpfulness of instructor
office hours are provided below.
Mary: “Instructor office hours are necessary to get clarification on assignments and to talk about
problems I may be having with concepts.”
Rebecca: “Office hours are helpful because you are able to get one-on-one help quickly.”
Instructor office hours are obviously different for each individual instructor. Each instructorstudent interaction in office hours would ideally be tailored for each individual student’s needs, therefore
no two students would have the same office hours experience. With that said, two of the three student
responses received is provided below.
Debra: “I went once with questions, and the professor just told me to ask the questions during class.
Very unhelpful.”
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Steve: “The office hours contradicted the learning material, we (a large group of students in a group
chat) did not like the office hours because the online videos would show us one way to do a problem
and she would do it completely different and it was very confusing.”

SI sessions
SI sessions are peer-lead tutoring sessions that are funded through the Department of Chemistry
& Biochemistry. SI leaders are students who are paired with an instructor or several instructors and
follow the material that is being taught in the lecture so that they may provide tutoring sessions that cover
the current material. Like instructor office hours, SI sessions started off face-to-face at the beginning of
the Spring 2020 semester but then transitioned fully online after the pandemic outbreak. SI sessions
remained fully online in the Fall 2020 semester to help reduce face-to-face gathering and slow the spread
of the virus. Eight students provided responses regarding the helpfulness of SI sessions, a sampling of
these responses is provided below.
Robert: “SI sessions can be useful because it allows you to gather with your peers and work through
problems together. It helps all of those involved learn the material because you don’t truly understand
something until you are able to teach it to someone else. Other students may ask questions you didn’t
think of which will deepen your understanding of the material.”
Nealee: “SI Sessions were always helpful because we learned similar yet different methods of working
through problems.”
There was a very limited selection of student responses regarding SI session being unhelpful to
them. Below are the only two responses provided regarding SI sessions being unhelpful.
Dianna: “I [heard] that the people that went to SI sessions didn’t really like them and they were a
waste a time sometimes because they wouldn’t individually help you. But I didn’t go so I can’t really
say.”
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Nick: “The SI sessions were not helpful to me because the material my [SI] gave did not relate to what
we were currently learning and his worksheets were way easier than the tests and quizzes therefore not
preparing me at all.”

Academic Success Center
The Academic Success Center is a University funded tutoring center that provides tutoring in
most introductory subjects. A sampling of the five total student responses regarding the helpfulness of the
Academic Success Center is provided below.
Debra: “They actually teach me the material. Sometimes I need to hear the material from another
perspective to understand it.”
Tyler: “The Academic Success Center [is] helpful to get step-by-step solutions to homework (Sapling)
problems.”
The Academic Success Center is freely available to any student who walks in and needs tutoring.
However, depending on the time and day, students will not see the same tutors every time. Unlike SI
sessions where students see the same SI leader for the entire semester, tutors at the Academic Success
Center can have changing schedules. Students may report varying quality of tutoring received depending
on the tutor that was available and working at that moment. A sampling of the three student responses
regarding the Academic Success Center being unhelpful is provided below.
Seth: “Tutors in the Academic Success Center would often not be able to answer my questions, or
would provide me with incorrect information.”
Nick: “I had to wait around for a little over an hour just to get help from someone and by the time I got
help she only stuck around for two of my questions and moved onto someone else and said I could
come back in an hour or so when more tutors were available.”
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Timing or Scheduling Issues
Instructor office hours and SI sessions are only available for a set period each week. Tutoring at
the Academic Success Center is available only while the center is open. Four student participants gave
responses regarding timing or scheduling issues. A sampling of these student responses are provided
below.
Jacob: “I just don’t have enough time to attend things like SI or tutoring sessions.”
Deaven: “Inconvenient times. Not enough time in my schedule to go out of my way to meet.”

“Unofficial” Resources
Free online study resources
Students were asked to explain the helpfulness of free online study resources. Students were
given the examples of Google, YouTube, Khan Academy, and Quizlet for this category, with the
understanding that this category includes anything they find on the internet that they did not have to pay
for. 69 students gave responses regarding the helpfulness of free online study resources. A sampling of
these student responses is provided below. For free online study resources, there were no written
responses given regarding to free online study resources being unhelpful.
Cheryl: “YouTube can help because sometimes it is explained in a different way that makes it easier
to understand or they have unique ways to memorize things.”
Susan: “YouTube videos and quizzes from Khan Academy and Organic Chemistry Tutor (a YouTube
channel) were very helpful for revising [sic] concepts and providing practice problems that are
explained in a different way that offered more ways to understand the course work.”

Paid online study resources
Students were also asked to elaborate on paid online study resources (Chegg, CourseHero, etc.)
they deemed to be helpful. Students remarked similarly to the free online study resources that paid online
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study resources are a quick and easy way to receive help. A sampling of the eleven student responses
regarding the helpfulness of paid online study resources is provided below.
Nia: “I use Chegg a lot to find examples similar to the ones on my work so I can see it written out step
by step.”
Dianna: “When I didn't understand a problem and I couldn't figure it out sometimes I would go to
[free online study resources] or Chegg to see how someone else came to the answer and used it as a
template to solve my problem. A lot of times the numbers would be different so I would never be just
copying the answer, so I was still learning in the process.”

Paid or Private Tutoring
While most students do not use paid or private tutoring, those who did use it remarked on the
helpfulness of having one-on-one tutoring available to them. A sampling of the six student responses
regarding the helpfulness of paid or private tutoring is provided below. There were no comments given on
paid or private tutoring being unhelpful.
Cody: “Tutoring from my Pharmacist friend is very helpful as well as he knows what I am confused
about and how to explain it.”
David: “My tutor saved me in this class. She was able to actually break things down and help me
understand what was going on.”

Face-to-face or Group Study with peers
Even after the outbreak of the COVID-19 pandemic, we still asked students to report on their
usage of face-to-face or group study with peers. A sampling of the ten student responses regarding faceto-face or group study with peers being helpful is provided below.
Linda: “Face-to-face is also very helpful because they often lead to intense work sessions that provide
different perspectives on how to memorize and learn the material.”
Kat: “Group study helps me feel more confident about myself, as I am not the only one having a hard
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time but we are trying to come up the explanations within us.”
We received only one student response regarding face-to-face or group study with peers being
unhelpful.
Meagan: “I didn't use group studying or peer messaging because chem [1212] is a more rigorous class
and I felt as if my peers in my particular class were not helpful to study with.”

Peer Messaging
The student response elaborating on the helpfulness of peer messaging strongly focused around
having others to quickly gain help from as well as the emotional support of knowing they are not the only
one that might be struggling with the material. 56 students responded and gave reasons for why they
found peer messaging to be helpful to them. A sampling of these student responses regarding the
helpfulness of peer messaging is provided below.
William: “When people are confused on how to complete an assignment, the group chat is very
helpful when it comes to explaining. Everyone else who may have trouble can also read the messages
in the group chat to complete their assignment.”
Emily: “It made me feel like I’m not alone and I wasn’t the only one not getting it!”
We did receive only six student responses regarding peer messaging being unhelpful. These
responses centered around the idea that their peers may not have correct information and are not always a
reliable source to learn information from.
John: “GroupMe helps with remembering assignments but other than that it’s not too useful.”
Karen: “Messaging isn’t very helpful because sometimes other students are not a very reliable
source.”
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Discussion
After analyzing the written student responses, we noticed that students seemed to acknowledge
that their textbook is a useful tool but that they found the writing of the textbook to be boring or
uninteresting at times. We were pleased to see that students recognized and expressed that their
homework is a useful and helpful resource to them that provides practice problems on current course
topics. Some students did express that the homework was too lengthy at times and that they did not like
that the homework system used different language and wording than their instructor used. They remarked
that the change in language was confusing and frustrating to them.
Along the same idea, students remarked that one of the reasons the instructor-provided materials
via Folio and materials generated during lecture were so helpful to them is that the language used during
lecture and presented on PowerPoint slides will be like the language and wording of quizzes and exams
written by their instructor. Coupled with the fact that these resources are easily available to students, these
two resources create the backbone of student study habits. Students are not only studying the content of
their course, but they are also learning the common phrases and wording their instructor uses.
Additionally, of the few students who did attend their instructor’s office hours, they remarked that
they found it to be beneficial as they were able to ask questions and receive one-on-one help. Only a few
students remarked that their instructor was unhelpful during office hours. Students seem to appreciate a
chance to receive answers to their questions, especially in a private setting away from their peers.
According to a few students, they reported that their instructor’s office hours was not helpful because
their instructor was not wanting to answer their questions and did not explain concepts well. While we
have no way of validating if this occurred, we do note that students could be over overstating what
happened, especially if an instructor tried to encourage a particularly shy student to participate and engage
more during class discussions.
As far the SI sessions and the Academic Success Center, student responses give the impression
that there is a wide range of tutors available for both. Students who get paired with a “good tutor” remark
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positively about their experience using either one of these resources. However, students who are
unfortunately paired with a “bad tutor” remark that it was a waste of their time to attend and do not return.
Regrettably, this negative experience could cause students to not attend tutoring in the future for a
completely different course. As we saw in the previous chapter (see Figure 28), the Spring 2020 data
showed that the more a student attended the Academic Success Center the more likely it was for their
final course grade to decrease. This coupled with some students remarking that the tutors at the Academic
Success Center gave them incorrect answers could explain some of the negative correlation.
When analyzing student responses regarding free online study resources, students
overwhelmingly responded citing they used YouTube and Khan Academy frequently to study for their
course. Many students even provided us with the specific YouTube channels they were watching for each
concept of their course. The students seem to like being able to watch someone explain how to do a
problem step-by-step. While their instructors may be doing the same thing in lecture, these videos online
allow students to watch problem-solving videos multiple times rather than viewing it once during lecture.
Similar responses were received regarding the paid online study resources, students again commented that
they liked being able to receive quick help, especially help that contains step-by-step solutions/guides.
The only negative comments were that these resources can be costly and may not be worth their expense.
Of the limited students who were able to receive paid or private tutoring, they reported that their
tutor was highly beneficial to them. Some student reported that they felt their tutor was the only reason
that they were able to pass the course. Again, we see that the students appreciated being able to receive
private one-on-one tutoring where they were able to ask their questions and receive help in the specific
areas they were struggling in.
The responses received for peer messaging and face-to-face or group study with peers tended to
go together, especially since students had to use peer messaging to coordinate group study sessions or
communicate in between study sessions. Students commented that they liked the ability to pose questions
to their peers (generally in a course group chat) and be able to receive help from their peers quickly.
Students also remarked how it was comforting to know that there were others in their course that had the
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same questions that they had. Our student participants seemed to enjoy the emotional support their peers
with able to give them, especially the idea that they are not the only one struggling in their course. The
few negative responses received centered around the idea that their peers were not always the most
reliable source of information and might have unintentionally shared incorrect knowledge with others.

Conclusions

After reading through student responses, we see overlap between our findings and previous work
that shows a large percentage of students are engaging and learning from materials in video form. Many
students are turning to websites such as YouTube and Khan Academy to find external video content to
supplement their studies.28 Aside from videos, students seem to understand that they need to do practice
problems to better understand concepts, but they do not like it when the wording of the practice problems
does not match the wording and language their instructor uses. The students appear to be tuned into
learning the phrases and specific wording their instructor uses so that they can be confident of the kinds of
questions that will appear on quizzes and exams. This idea of being familiar with their instructors’
wording choice appeared at least once for almost every “official” resource.
Students like receiving more personal tutoring (instructor office hours, SI session, Academic
Success Center) but they will respond negatively if they feel like it is a waste of their time or receive
incorrect answers. While students can use peer messaging and/or group study to share answers and cheat,
the emotional connection and support received by students seems to overshadow the cheating aspects (at
least in our self-reported data). The students highly regard the ability to connect with others and bond
over mutual confusion of certain topics or concepts. While peer messaging also allows students to almost
instantly receive help for any questions they may have, the real value was in the comfort of knowing
others had similar questions as themselves and were struggling in the course as much as they were.
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Limitations

As discussed in the previous chapter, this study was unintentionally conducted during the
outbreak and continuation of the COVID-19 pandemic. Due to this, our findings may not be predictive of
student resource use during a “typical” semester but does give a good idea of the study resources that
students are currently using. We do note that due to COVID-19 and social distancing guidelines,
instructor office hours and SI sessions transitioned from being offered face-to-face to fully online. We
know this could have impacted our student responses, but this was an unavoidable change. Also due to
COVID-19 and the transition online during the Spring 2020 semester, our response rate was far lower
than anticipated. While we know that asking students to take surveys online yields lower response rates
than asking students face-to-face, this was an unavoidable limitation considering COVID-19 and the new
social distancing guidelines.
Additionally, this survey was conducted between Georgia Southern University’s Statesboro and
Armstrong campuses. While individual faculty members can design and teach their course as they choose,
the two campuses used different instructional methods. This study did not separate students taught on the
Statesboro campus from the Armstrong campus or even from students enrolled in the fully online section.
In addition to the two campuses using different instructional methods, the Armstrong campus did not
have SI sessions available to its students. Armstrong student participants taking the survey were given the
same copy of the survey as Statesboro student participants who did have access to SI sessions.
We also note that the student survey was not given anonymously. With IRB approval, students
were asked to provide their name and the last four digits of their Eagle ID so their name could be linked
with their answer choices. Some of our questions, such as asking students to report how often they used
paid online study resources (sites often considered to be “cheating websites”), may have given students
pause to answering honestly. While we made it very clear that their responses would not affect their grade
and that their instructor would never see their answers, we do understand why some students may not
have felt comfortable answering some of the questions truthfully.
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CHAPTER 7
CONCLUSIONS, IMPLICATIONS, & FUTURE WORK
Conclusions
After reviewing and analyzing both the CHEM 1310 study, it appears that regardless of the cost
of the textbook, student perceptions of the OER textbook and publisher textbook remain similar but the
cost savings are huge for the OER textbook. Previous chemistry education studies also found no
significant difference between students using an OER textbook and students using a traditional
textbook.14, 15 An additional study found that students had better perceptions of their OER textbook in
comparison to students with a traditional textbook. Many students from the study commented on the
desirableness of having a free textbook available to them.13 A 2013 study found that almost 100% of
students believed they would do worse in their course without having the textbook(s), but 65% of those
students reported they had not purchased a textbook for previous courses due to the price of the
textbook(s).10 While our CHEM 1310 study was unable to make all the required course materials free to
students, it was able to reduce the cost from $180 to $40 per student - a total of $85,680 saved between
the Spring and Fall 2020 semesters. We hope to ease the financial burden of students enrolled in our
courses while still providing students with similar quality resources.
We did find in both studies that, in place of their assigned textbook, students were opting to use
the internet, instructor provided materials such as PowerPoint slides, and notes taken during lecture to
study. Not only are these resources being used more often than the textbook, but they are also seen as
more helpful than the textbook. In both studies we saw close to 100% of students using the internet in
some manner to study for their course. While the CHEM 1310 study did not investigate specific websites
students were using to study, the CHEM 1212 study did. Between the quantitative and qualitative
responses from students, we saw a trend of students preferring to watch videos to study course content.
This remains consistent with previous research that also found students were turning to YouTube and
Khan Academy to supplement their study habits.28 Students appear to enjoy being able to re-watch videos,
especially step-by-step videos to understand how to solve problems.
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With the outbreak of the COVID-19 pandemic and the switch to hybrid or online learning, many
of our faculty members are now recording their lectures and/or recording themselves explaining a
particular topic. It is often faster and easier for students to watch a video rather than read a chapter in their
textbook. Since videos created by instructors can be saved and reused for multiple semesters, this might
be the start of a new resource that instructors can provide to their students.

Importance of Findings

With free access to their OER e-textbook, students no longer must wait for financial aid, loans,
pay checks, etc. to come through to be able to gain access to required course materials. Around 45% of
students each semester reported that the cost of course materials had caused them to not purchase all the
required materials at least some of the time for their previous courses. By reducing the cost of the
required course materials (mainly with using an OER textbook) we would be able to increase our
inclusion by lowering the financial burden of course enrollment.
Students perceive the OER textbook used in this study to be like a traditional textbook, yet our
OER textbook provides huge savings to students. Our findings between the two studies show that many
students still did not use the textbook and opted to use PowerPoint slides or lecture notes instead. Many
students enrolled in both studies are not chemistry majors. These students are unlikely to refer to their
introductory chemistry textbooks in their future careers. There is little need to require our students to
spend hundreds of dollars for a textbook they will possibly never look at, even while they are currently
enrolled in the course. As OERs gain popularity everywhere, there are now quality OER textbooks
available for almost every introductory course. While we are not promoting the removal of textbooks
from courses, we are hoping instructors will consider the cost of textbooks and explore more costeffective resources if available.
Between COVID-19 and the financial crisis it caused, students are more than ever looking for
ways to save money while attending college/university courses. OERs having been slowly gaining
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popularity, but this might just be the “window of opportunity”24 OERs have been waiting for. OERs have
the potential to relieve the financial burden students feel when enrolling in courses, which is needed more
than ever during our current financial crisis caused by the COVID-19 pandemic.
Our studies did enlighten us to the fact that our students are watching educational videos to better
understand their course concepts. Students find step-by-step videos that can be watched and re-watched at
any time to be both helpful and engaging, especially in comparison to a textbook they state can be boring
and include long bodies of text. With the COVID-19 pandemic, many instructors began recording
themselves explaining a particular topic or chapter. Not only are our faculty member now creating
resources that are more in line with student preferences, but, once made, instructors can use the same
videos for many years.

Future Works

For our CHEM 1310 study we hope to expand our study and conduct longitudinal studies with
other introductory chemistry courses to continue exploring how OER textbooks compare with a
traditional textbook. We also hope to begin researching if the drop, fail, and withdrawal (DFW) rates
change between groups of students using a traditional textbook and those using an OER textbook. We are
especially interested in studying the DFW rates of minority groups, as we hope that by lowering the cost
of course materials we can increase the diversity and inclusion of our courses. Since we have already
switched to our treatment group in our CHEM 1310 study, we hope to expand OERs to other introductory
courses.
With students showing less of a preference for their textbook, we plan to explore how to
encourage greater use of the textbook. This would most likely require changing the structure of our
courses to include more references and reading assignments relating to the textbook. We could also refer
students to pages in their OER e-textbook that have videos embedded within them rather than just
providing the video link to students. This would have to be implemented at the beginning of the semester
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to create different study habits in our students that include reading their textbook more often. We could
then collect data to see if this impacts students’ use of the OER textbook.
For our CHEM 1212 study, we hope to expand our study and conduct longitudinal studies with
other introductory chemistry courses to see if student resource use is consistent between various
introductory courses. We also would like to expand and conduct cohort studies between our introductory
chemistry courses and our upper-level chemistry courses to see if resource use changes in any way as
students progress to more challenging upper-level courses. This would provide us with a more detailed
picture of what resources students are finding to be helpful and/or unhelpful and if they return to the same
resource(s) or change to better resources.
We also note that that neither one of our studies was conducted anonymously. We do understand
that students may have felt the need to not be entirely truthful about their study habits, especially in the
CHEM 1212 study that asked students how often they used paid online study resources that could
facilitate cheating. We are considering switching to anonymous surveys in the future to promote more
honest answers from students.
We also want to investigate if instructors can influence student resource use. We do know that
instructors play an important role in textbook use by facilitating opportunities for interaction with the
content.34 Not every professor takes the time to remind students of the various study resources available to
them, aside from the first day of class. Students can be left not knowing about all the study resources
available to them or not fully understanding how to best utilize them. In addition to determining what
resources students use and the frequency at which they use them, we want to determine if the frequency
of faculty mentioning a specific resource is correlated with student resource use. To do so, we have
already created a short survey via Qualtrics for the lecturing CHEM 1212 faculty which asks faculty how
often they mention the various “official” and “unofficial” resources. The same “official” and “unofficial”
resources are listed in both the faculty and student surveys. For resources that the faculty selected they
mention more than “once a semester”, we ask them to further explain their response in short answer
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format to gather more details about why the faculty member would choose to promote that resource over
similar resources. A copy of this survey can be found in Appendix C.
CHEM 1212 lecturing faculty were provided a link to the pilot survey (via Qualtrics) at the end of
the Fall 2020 semester for them to complete the survey at their convenience. It was stressed in the survey
that the faculty responses were only being collected to see if there exists any relationship between the
resources that faculty members mention and the resources that students use. It was also stressed that the
results from the faculty survey were not connected in any way to faculty evaluations, tenure, or
promotions. The survey was piloted in the Fall 2020 semester but we only received two responses from
lecturing faculty members. We are currently working to revamp this study and plan to collect responses
again in the coming semesters.

Limitations

The outbreak and continuation of the COVID-19 pandemic impacted not only the amount of
student responses but also affected course instruction and the format of certain study resources. At this
time, the health guidelines appear to be remaining in place so we hope to be able to replicate our data in
the coming semesters.
While our OER textbook is free for students to access, we do note that since it is found only
online that some students may have difficulties obtaining the technology or internet necessary to access
the OER textbook. Developing our OER textbook took a total of six individuals seven months to create
while partnering with OpenStax. The creation of our OER textbook was time-intensive, labor-intensive,
and expensive. Our researchers had to receive external grant funding to be able to effectively create our
OER textbook. However, between OpenStax, WikiBooks, and other OER organizations, there are many
quality OER textbooks available for many standard introductory courses. If an OER is already available
for a course, little to no time would be needed to adapt the OER to fit.
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OERs, like traditional textbooks, require updating as time goes on. While this is not a huge
concern in the chemistry field where introductory chemistry concepts and topics hardly change between
decades, this could be an issue in other fields. Like creating OERs, updating OERs and publishing new
editions is also timely and costly. Due to this, some OERs will lag in updates in comparison to traditional
textbook and may not feature as many resources such as end of chapter problems and pre-made slides that
traditional textbooks are able to include with an obvious increase in financial resources to do so.47
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APPENDIX A
Copy of the student survey given in the CHEM 1310 study
Start of Block: Default Question Block
Q1
Complete Organization of Textbook and Study Materials as a Cost-Effective Alternative for a
Comprehensive General Chemistry Course (CHEM 1310) for Engineering Majors.
Dr. Beulah Narendrapurapu, Dr. Ghosh, Dr. Saha, Dr. Leah Williams and Dawn Cannon-Rech
Brief summary:
You are being asked to participate in a research study on providing affordable and robust major-oriented
course and textbook materials impacts student success in a general chemistry course for engineering
majors. Researchers are required to provide a consent form to inform you about the research study, to
convey that participation is voluntary, to explain risks and benefits of participation including why you
might or might not want to participate, and to empower you to make an informed decision.
Participants have the right to ask questions and have those questions answered. If you have questions
about this study, please contact the researcher named above whose contact information is located at the
end of the informed consent. For questions concerning your rights as a research participant, contact
Georgia Southern University Institutional Review Board at 912-478-5465. You should feel free to discuss
and ask the researchers any questions you may have.
Educational study purpose:
This study aims to create and distribute low-cost course materials for CHEM 1310 and to measure the
impacts of these changes. By conducting this study, we hope to better understand how providing low-cost
materials impacts the usage, cost, change in learning outcomes, and student perception of the textbook
and course materials. To determine student attitudes and understanding as a result of this experience we
are asking students to complete a short online survey at the end of the semester in which they are enrolled
in CHEM 1310. This survey notice will be sent out via a Folio announcement for any online-only labs.
The survey will be collected in-person for face-to-face labs. In addition to the survey, we will also be
collecting student final exam grades and student course grades for CHEM 1310 along with de-identified
website analytics data for all provided online materials. All data collected will be used to conduct
educational research within the GSU chemistry department. Any relevant findings may be disseminated
through a variety of professional channels including publications.
What you will be asked to do:
Participation in this research will include completion of one short online survey at the end of the current
academic semester. The survey should take no longer than 15-20 minutes to complete. Participants should
feel free to skip any questions that they would prefer not to answer in the survey. Researchers on this
project will collect final exam and grade data from the 1310 course and this requires no additional effort
on your part as these are already required aspects of the course. Researchers will also collect website
analytics data associated with the provided online materials. This information will lack any identifying
information including IP addresses. During your academic career, study personnel may contact you for
additional information in the form of a follow-up survey or interview.
Your participation in this study is entirely voluntary. Your participation status has no impact on
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your grade or success in this course. You may request a copy of this informed consent form, end
your participation, or withdraw the authorization of your information at any time without penalty
by contacting Dr. Williams – lcwilliams@georgiasouthern.edu.
Risks and benefits:
We do not anticipate any risks in completing this survey as there is no connection between your
chemistry course grade/progression and participating in this survey. You may feel uncomfortable
answering survey questions about finances and textbook purchasing. If this is the case, we encourage you
to skip any questions that you do not feel like answering. We also do not foresee any risks in collecting
grade data or final exam data. The purpose of collecting this data is to connect student resource use with
their class performance. All data will be de-identified and only Dr. Williams will have access to personal
identifiable information. The data you provide will not be used to affect your course grade(s), progression
in your major/graduation, or your ability to participate in any extracurricular activities. Dr.
Narendrapurapu will not have access to any collected data for the study until after final grades have been
submitted to the university. When access to data is provided to Dr. Narendrapurapu, the data will have all
personally identifiable information removed. You may not personally benefit from participating in this
study, however we hope that future students may benefit from changes made to the course and openaccess materials based on our findings. We intend to use any findings to make the course experience more
beneficial and accessible for all of our GSU students.
Privacy and confidentiality:
We anticipate that the knowledge gained during this educational study may lead to dissemination
primarily by, but not limited to, scientific publication. Any information gathered from the survey, final
exam, final grades, and online usage will have all personally identifiable information removed prior to
analysis and publication. Data and identifying information will be maintained by Dr. Williams for five
years following the completion of this study in a secure location. Only Dr. Williams will have access to
personal identifiable information. De-identified or coded data from this study may be placed in
a publically available repository for study validation and further research. You will not be identified by
name in the data set or any reports using information obtained from this study and your confidentiality as
a participant in this study will remain secure. Subsequent uses of records and data will be subject to
standard data use policies which protect the anonymity of individuals and institutions. Participants have
the right to withdraw the authorization of their information at any time by contacting Dr. Williams –
lcwilliams@georgiasouthern.edu.
You must be 18 years of age or older to consent to participate in this research study.
You will be given a copy of this consent form to keep for your records. This project has been reviewed
and approved by the GSU Institutional Review Board under tracking number H20164.
Title of Project: Complete Organization of Textbook and Study Materials Through a Cost-effective
Alternative for Comprehensive General Chemistry Course (CHEM 1310) for Engineering Majors.
Principal Investigator:
Dr. Beulah Narendrapurapu
Office: Dept. of Chemistry room 2215
Phone: (912) 478-5876
bnarendrapurapu@georgiasouthern.edu
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Dr. Leah Williams
Office: Dept. of Chemistry room 2234
Phone: (912) 478-5968
Email: lcwilliams@georgiasouthern.edu
Please indicate your willingness to participate in the study:

o I AGREE to participate in this educational research study (1)
o I DO NOT AGREE to participate in this educational research study (2)
Skip To: End of Survey If Complete Organization of Textbook and Study Materials as a Cost-Effective
Alternative for a Compr... = I DO NOT AGREE to participate in this educational research study
End of Block: Default Question Block
Start of Block: Block 1

Q2 In order to participate in this study, we require participants to be 18 or older. Please certify your age as
of today:

o I am 18 years of age or older (1)
o I am NOT 18 years of age or older (2)
Skip To: End of Survey If In order to participate in this study, we require participants to be 18 or older.
Please certify... = I am NOT 18 years of age or older
End of Block: Block 1
Start of Block: Block 2

Q3 CHEM 1310 is currently part of a research study on the impacts of providing affordable and robust
major-oriented course and textbook materials on student success. Please take a few moments to complete
the following survey.
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Q4 Please enter your name and Georgia Southern email below to be used as identifiers for this survey.
This information will be used to confidentially compare your survey responses with any grade or final
exam data that is collected.

o First Name: (1) ________________________________________________
o Last Name: (2) ________________________________________________
o GSU Email Address: (3) ________________________________________________
Q5 What is your current classification?

o Freshman (1)
o Sophomore (2)
o Junior (3)
o Senior (4)
o Other. Please specify: (5) ________________________________________________
Q6 What is your expected year of graduation?
________________________________________________________________

Q7 What is your current declared PRIMARY major?
________________________________________________________________
End of Block: Block 2
Start of Block: Block 3

Q8 The following questions are about your course resource use and purchasing.
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Q9 Have you gained access to the required textbook (libguides) for this course?

o Yes, I have purchased a hard copy of the textbook (1)
o Yes, I have purchased a loose-leaf copy of the textbook (2)
o Yes, I have the online e-textbook (libguides) (3)
o No, I have not gained access to the required textbook for this course (4)
o Other. Please specify: (5) ________________________________________________
Skip To: Q12 If Have you gained access to the required textbook (libguides) for this course? = Yes, I
have purchased a hard copy of the textbook
Skip To: Q12 If Have you gained access to the required textbook (libguides) for this course? = Yes, I
have purchased a loose-leaf copy of the textbook
Skip To: Q12 If Have you gained access to the required textbook (libguides) for this course? = Yes, I
have the online e-textbook (libguides)
Skip To: Q12 If Have you gained access to the required textbook (libguides) for this course? = Other.
Please specify:
Skip To: Q12 If Have you gained access to the required textbook (libguides) for this course? = No, I have
not gained access to the required textbook for this course

Q10 If you selected yes, you have purchased the required textbook, where did you make your purchase?
If you selected no, please choose “Not applicable”.

o The university bookstore (1)
o A second-hand or used bookstore (not the university store) (2)
o Amazon or another online retailer (can be a full purchase or a rental) (3)
o The publisher’s website (ex: Modified Mastering Chemistry or Sapling Learning) (4)
o Other. Please specify: (5) ________________________________________________
o Not applicable. I did not purchase the required textbook. (6)
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Q11 If you selected no, you have not gained access the required textbook (libguides), do you have the
ability to access to a copy? If you have access the textbook, please choose “Not applicable”.

o Yes, I have access (1)
o No, I do not have access (2)
o Not applicable. I purchased the textbook. (3)
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Q12 Please consider each of the scenarios listed below and indicate how often each one has applied to
you.
How often have you:
Never (1)

Sometimes (2)

Often (3)

Not Applicable
(4)

Chosen not to
register for a
desired course
because of the
cost of course
materials. (1)

o

o

o

o

Registered for a
course but chose
not to purchase
any of the
required materials.
(2)

o

o

o

o

Dropped a course
because of the
cost of course
materials. (3)

o

o

o

o

Chosen not to
purchase required
course materials
because of cost.
(4)

o

o

o

o

Purchased only
some of the
required materials
but not all (for
example
purchasing
homework access
but not a textbook,
or a clicker but not
homework
access). (5)

o

o

o

o

Earned an
unsatisfactory
grade because you
did not have
access to the
required textbook
and/or course
materials (6)

o

o

o

o
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End of Block: Block 3
Start of Block: Block 4

Q13 The following questions are about your resource use and study habits.

Q14 The following questions pertain to your views on the importance of the textbook. Consider the
required textbook (via LibGuides) for this course as you answer each of the following.
How much is reading the textbook critical to:
Not at all
(1)

Very little
(2)

Neutral (3)

Somewhat
(4)

Very much
(5)

Not
applicable
(6)

Doing well on
exams (1)

o

o

o

o

o

o

Understanding
material
during lecture
(2)

o

o

o

o

o

o

Doing well on
homework
assignments
(3)

o

o

o

o

o

o

Getting a
satisfactory
grade in the
course (4)

o

o

o

o

o

o

Q15 The following questions pertain to how you study for the course and your use of study aids.
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How often do you engage in each of the following?
Never (1)

Rarely (2)

Sometimes (3)

Often (4)

Not applicable
(5)

Read the
textbook
(libguides) to
understand the
course
material (1)

o

o

o

o

o

Refer to the
textbook
(libguides) to
understand
how to solve
problems (2)

o

o

o

o

o

Review the
Powerpoint or
lecture notes
provided by
the instructor
to understand
the course
material (3)

o

o

o

o

o

Search for
information on
the internet
(e.g. YouTube,
Google,
websites, etc.)
to understand
the course
material (4)

o

o

o

o

o

End of Block: Block 4
Start of Block: Block 5
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Q16 The following questions pertain to how you interact with the textbook. Consider the required etextbook for this course (via LibGuides) as you indicate your agreement with each of the following
statements about your LibGuides textbook:
(If you haven't used or opened your textbook, please select "Not applicable")
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Strongly
disagree (1)

Disagree
(2)

Neither
agree nor
disagree (3)

Agree (4)

Strongly
agree (5)

Not
applicable
(6)

The figures
help me
understand the
text (1)

o

o

o

o

o

o

The figures are
well placed in
relation to the
material they
discuss (2)

o

o

o

o

o

o

The figures are
easy to
understand (3)

o

o

o

o

o

o

The tables help
me understand
the text (4)

o

o

o

o

o

o

The tables are
well placed in
relation to the
material they
discuss (5)

o

o

o

o

o

o

The tables are
easy to
understand (6)

o

o

o

o

o

o

The sample
problems are
well placed in
relation to the
material they
discuss (7)

o

o

o

o

o

o

The sample
problems help
me understand
the material
presented (8)

o

o

o

o

o

o

The sample
problems are
easy to
understand (9)

o

o

o

o

o

o
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The everyday
life examples
are effectively
used to explain
the chemistry
content (10)

o

o

o

o

o

o

The everyday
life examples
help me
understand the
material
presented (11)

o

o

o

o

o

o

The everyday
life examples
are relevant to
me and my
daily life (12)

o

o

o

o

o

o

The everyday
life examples
are relevant to
my major and
my career
interests (13)

o

o

o

o

o

o

There are a
sufficient
number of
study aids
included (e.g.
review
questions,
sample
problems, etc.)
(14)

o

o

o

o

o

o

The study aids
help me
understand the
material (15)

o

o

o

o

o

o

The textbook is
visually
appealing (e.g.
layout, colors,
cover and
graphics) (16)

o

o

o

o

o

o
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The textbook is
visually
distracting (e.g.
number of
figures, tables,
etc.) (17)

o

o

o

o

o

o

The writing in
the textbook is
engaging and
interesting (18)

o

o

o

o

o

o

The writing in
the textbook is
clear and
understandable.
(19)

o

o

o

o

o

o

End of Block: Block 5
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APPENDIX B
Copy of the student survey given in the CHEM 1212 study
Start of Block: Research Participant Information and Consent Form

Q1
Research Participant Information and Consent Form
Comprehensive Inventory of Student Resource Use for CHEM 1212
Dr. Leah Williams, Ms. Jessica Orvis, Dr. Lea Padgett, and Ms. Sarah Conti
Brief summary:
You are being asked to participate in a survey on resource use in CHEM 1212. While the online learning
system and online textbook are required for the course, we recognize that there are other resources that
you might use and we would like to know which resources you found to be the most helpful for this
course. Researchers are required to provide a consent form to inform you about the research study, to
convey that participation is voluntary, to explain risks and benefits of participation including why you
might or might not want to participate, and to empower you to make an informed decision.
Participants have the right to ask questions and have those questions answered. If you have questions
about this study, please contact the researcher named above whose contact information is located at the
end of the informed consent. For questions concerning your rights as a research participant, contact
Georgia Southern University Institutional Review Board at 912-478-5465. You should feel free to discuss
and ask the researchers any questions you may have.
Educational study purpose:
This study aims to determine which resources students are using in introductory chemistry and how
helpful they perceive those resources to be in terms of their learning and their grade in the class. We are
asking students to complete a short, online survey at the end of the semester in which they are enrolled in
CHEM 1212. In addition to the survey, we will also be collecting student final exam grades and course
grades for CHEM 1212. All data collected will be used to conduct educational research within the GSU
chemistry department. Any relevant findings may be disseminated through a variety of professional
channels including publications.
What you will be asked to do:
Participation in this research will include completion of one short online survey at the end of the current
academic semester during your regularly scheduled class or lab time. If your course takes place online or
has moved online, you may be notified of this study and the associated survey via a Folio announcement.
The survey should take no longer than 15-20 minutes to complete. Participants should feel free to skip
any questions that they would prefer not to answer in the survey. Researchers on this project will collect
final exam and course grade data from the 1212 course and this requires no additional effort on your part
as these are already required aspects of the course. During your academic career, study personnel may
contact you for additional information in the form of a follow-up survey or interview.
Your participation in this study is entirely voluntary. Your participation status has no impact on
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your grade or success in this course. You may request a copy of this informed consent form, end
your participation, or withdraw the authorization of your information at any time without penalty
by contacting Dr. Williams – lcwilliams@georgiasouthern.edu.
Risks and benefits:
We do not anticipate any risks in completing this survey as there is no connection between your
chemistry course grade/progression and participating in this survey. You may feel uncomfortable
answering survey questions about resources that are not required for the course. If this is the case, we
encourage you to skip any questions that you do not feel like answering. We also do not foresee any risks
in collecting grade data. The purpose of collecting this data is to connect student resource use with their
class performance. All data will be de-identified and only Dr. Williams will have access to personal
identifiable information. The data you provide will not be used to affect your course grade(s), progression
in your major/graduation, or your ability to participate in any extracurricular activities. Ms. Orvis and Dr.
Lea Padgett will not have access to any collected data for the study until after final grades have been
submitted to the university. When access to data is provided to them, the data will have all personally
identifiable information removed. You may not personally benefit from participating in this study,
however we hope that future students may benefit from changes made to the course and recommended
materials based on our findings. We intend to use any findings to make the course experience more
beneficial and accessible for all of our GS students.
Privacy and confidentiality:
We anticipate that the knowledge gained during this educational study may lead to dissemination
primarily by, but not limited to, scientific publication. Any information gathered from the survey and final
grades will have all personally identifiable information removed prior to analysis and publication. Data
and identifying information will be maintained by Dr. Williams for five years following the completion of
this study in a secure location. Only Dr. Williams will have access to personal identifiable information.
De-identified or coded data from this study may be placed in a publically available repository for study
validation and further research. You will not be identified by name in the data set or any reports using
information obtained from this study and your confidentiality as a participant in this study will remain
secure. Subsequent uses of records and data will be subject to standard data use policies which protect the
anonymity of individuals and institutions. Participants have the right to withdraw the authorization of
their information at any time by contacting Dr. Williams – lcwilliams@georgiasouthern.edu.
You must be 18 years of age or older to consent to participate in this research study.
You will be given a copy of this consent form to keep for your records. This project has been reviewed
and approved by the GSU Institutional Review Board under tracking number H20386
Title of Project: Comprehensive Inventory of Student Resource Use for CHEM 1212
Investigator:
Dr. Leah Williams
Office: Dept. of Chemistry room 2234 (Statesboro campus)
Phone: (912) 478-5968
Email: lcwilliams@georgiasouthern.edu
Other Investigator(s):
Ms. Jessica Orvis

Principal
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Office: Dept of Chemistry room 2215C (Statesboro campus)
Phone: (912) 478-5870
Email: jessorv@georgiasouthern.edu
Dr. Lea Padgett
Office: Science Center Rm. 2109 (Savannah campus)
Phone: (912) 344-2946
Email: lpadgett@georgiasouthern.edu
Ms. Sarah Conti
Email: sc06785@georgiasouthern.edu

Q2 Please indicate your willingness to participate in this educational study:

o I AGREE to participate in this educational research study (1)
o I DO NOT AGREE to participant in this educational research study (2)
Skip To: End of Survey If Please indicate your willingness to participate in this educational study: = I
DO NOT AGREE to participant in this educational research study
End of Block: Research Participant Information and Consent Form
Start of Block: Block 1

Q3 In order to participate in this study, we require participants to be 18 or older. Please certify your age
of today:

o I am 18 years of age or older (1)
o I am NOT 18 years of age or older (2)
Skip To: End of Survey If In order to participate in this study, we require participants to be 18 or older.
Please certify... = I am NOT 18 years of age or older
End of Block: Block 1
Start of Block: Block 2
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Q4 This study aims to determine which resources students are using in their introductory chemistry
courses and how helpful they perceive those resources to be in terms of their learning and their grade in
the class. We are asking students to complete a short, online survey at the end of the semester in which
they are enrolled in CHEM 1212. In addition to the survey, we will also be collecting student course
grades for CHEM 1212. All data collected will be used to conduct educational research within the GSU
chemistry department. Any relevant, deidentified findings may be disseminated through a variety of
professional channels including publications.

Q5 Please enter your name and Georgia Southern email below to be used as identifiers for this survey.
This information will be used to confidentially compare your survey responses with any grade or final
exam data that is collected.

o First Name: (1) ________________________________________________
o Last Name: (2) ________________________________________________
o GSU Email Address: (3) ________________________________________________
o Last 4 Digits of Eagle ID: (4) ________________________________________________

Q6 What is your current classification?

o Freshman (1)
o Sophomore (2)
o Junior (3)
o Senior (4)
o Other. Please specify: (5) ________________________________________________

110
Q7 What is your expected year of graduation?
________________________________________________________________

Q8 What is your current declared PRIMARY major?
________________________________________________________________
End of Block: Block 2
Start of Block: Block 3

Q9 Please answer the following questions about how often you use the official course resources.
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Q10 How frequently do you use or reference the following resources:
Two or more
times a week
(1)

Once a week
(2)

Once a
month (3)

Once a
semester (4)

Never (5)

Textbook
(Interactive
Chemistry: Atoms
First; etext or print)
(1)

o

o

o

o

o

Homework (Sapling
Learning Online
Homework) (2)

o

o

o

o

o

Materials
Generated During
Lecture (ie. notes,
document cam
works, whiteboard,
etc) (3)

o

o

o

o

o

Instructor Provided
Materials via Folio
(ie. PowerPoint
slides,
handouts/worksheets,
etc) (4)

o

o

o

o

o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

Instructor Office
Hours (5)
SI Sessions (6)
Academic Sucess
Center (Tutoring at
the library) (7)

End of Block: Block 3
Start of Block: Block 4

Q12 Please answer the following questions about how often you use other resources not provided by the
university.
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Q11 How frequently do you use or reference the following resources:
Two or more
times a week
(1)

Once a week
(2)

Once a month
(3)

Once a
semester (4)

Never (5)

Free Online
Study
Resources
(Google,
YouTube,
Khan
Academy,
Quizlet, etc.)
(1)

o

o

o

o

o

Paid Online
Study
Resources
(Chegg,
CourseHero,
etc) (2)

o

o

o

o

o

Private or
Paid Tutoring
(3)

o

o

o

o

o

Face-to-Face
or Group
Study with
peers (4)

o

o

o

o

o

Peer
Messaging
(Texting,
GroupMe,
SnapChat, etc)
(5)

o

o

o

o

o
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Q18 Please list any other resources that you have used that were not listed above.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
End of Block: Block 4
Start of Block: Block 7

Q21 Please answer the following questions about how use these official course resources might impact
your understanding of course content.
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Q26 How helpful to your understanding do you find the following resources? (Note: your
understanding is how well you feel you understand the content and skills taught in the course; this may or
may not be related to your current grade in the course)
Very Helpful
(1)

Helpful (2)

Unhelpful (3)

Very
Unhelpful (4)

I don't use
this / Not
Applicable
(5)

Textbook
(Interactive
Chemistry: Atoms
First; etext or print)
(1)

o

o

o

o

o

Homework (Sapling
Learning Online
Homework) (2)

o

o

o

o

o

Materials
Generated During
Lecture (ie. notes,
document cam
works, whiteboard,
etc) (3)

o

o

o

o

o

Instructor Provided
Materials via Folio
(ie. PowerPoint
slides,
handouts/worksheets,
etc) (4)

o

o

o

o

o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

Instructor Office
Hours (5)
SI Sessions (6)
Academic Sucess
Center (Tutoring at
the library) (7)
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Q27 For any answers you selected as Helpful or Very Helpful, please elaborate why you feel those were
helpful to your understanding in the class.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q28 For any answers you selected as Unhelpful or Very Unhelpful, please elaborate why you feel those
were not helpful to your understanding in the class.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
End of Block: Block 7
Start of Block: Block 8

Q22 Please answer the following questions about how your use of other resources not provided by the
university might impact your understanding of course content.
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Q29 How helpful to your understanding do you find the following resources? (Note: your understanding
is how well you feel you understand the content and skills taught in the course; this may or may not be
related to your current grade in the course)
Very Helpful
(1)

Helpful (2)

Unhelpful (3)

Very
Unhelpful (4)

I don't use this
/ Not
Applicable (5)

Free Online
Study
Resources
(Google,
YouTube,
Khan
Academy,
Quizlet, etc.)
(1)

o

o

o

o

o

Paid Online
Study
Resources
(Chegg,
CourseHero,
etc) (2)

o

o

o

o

o

Private or
Paid Tutoring
(3)

o

o

o

o

o

Face-to-Face
or Group
Study with
peers (4)

o

o

o

o

o

Peer
Messaging
(Texting,
GroupMe,
SnapChat, etc)
(5)

o

o

o

o

o

Q30 For any answers you selected as Helpful or Very Helpful, please elaborate why you feel those were
helpful to your understanding in the class.
________________________________________________________________
________________________________________________________________
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________________________________________________________________
________________________________________________________________
________________________________________________________________

Q31 For any answers you selected as Unhelpful or Very Unhelpful, please elaborate why you feel those
were not helpful to your understanding in the class.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
End of Block: Block 8
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APPENDIX C
Copy of the faculty survey given in the CHEM 1212 study
Chemistry Resource Use Study - Spring 2020 - Faculty Survey

Start of Block: Default Question Block

Q3
Research Participant Information and Consent Form Comprehensive Inventory of Student
Resource Use for CHEM 1212 Dr. Leah Williams, Ms. Jessica Orvis, Dr. Lea Padgett, and Ms. Sarah
Conti Brief summary: You are being asked to participate in a survey on student resource use in
CHEM 1212. We are conducting research to determine which resources our students are using and how
helpful they perceive these resources to be to their learning of chemistry and to their grade in the course.
Researchers are required to provide a consent form to inform you about the research study, to convey that
participation is voluntary, to explain risks and benefits of participation including why you might or might
not want to participate, and to empower you to make an informed decision.
Participants have the right
to ask questions and have those questions answered. If you have questions about this study, please
contact the researcher named above whose contact information is located at the end of the informed
consent. For questions concerning your rights as a research participant, contact Georgia Southern
University Institutional Review Board at 912-478-5465. You should feel free to discuss and ask the
researchers any questions you may have.
Educational study purpose: This study aims to determine
which resources students are using in introductory chemistry and how helpful they perceive those
resources to be in terms of their learning and their grade in the class. We are asking faculty to complete a
short, online survey at the end of the semester in which they are listed as an instructor of record for
CHEM 1212. We are also asking faculty to share with us a copy of their syllabus for that semester.
Depending on the survey responses, faculty may be asked to volunteer for a short interview to clarify any
answers. We are asking students taking CHEM 1212 about their resource use via an online survey,
collecting student final exam grades, and collecting student course grades. All data collected will be used
to conduct educational research within the GSU chemistry department. We are collecting responses from
faculty specifically to determine if student resource use is related to the frequency of faculty mentioning a
specific resource or how thoroughly faculty discuss specific resources. Any relevant findings may be
disseminated through a variety of professional channels including publications. What you will be
asked to do: Participation in this research will include completion of one short survey at the end of the
current academic semester and sharing a copy of your syllabus with the researchers on this study. The
survey should take no longer than 15-20 minutes to complete. Participants should feel free to skip any
questions that they would prefer not to answer in the survey. The survey will focus on which resources
you presented to your students, how often you referred to them, and how thoroughly you presented them.
We would like to know if students are following faculty recommendations for resource use and then how
helpful those resources are perceived to be. This survey is not intended to be used in any way towards
faculty tenure, promotion, or review. This survey, delivered via Qualtrics, will lack any identifying
information including IP addresses. If researchers have follow up questions, study personnel may contact
you for additional information in the form of a follow-up survey or interview. Your participation in
this study is entirely voluntary. You may end your participation or withdraw the authorization of
your information at any time without penalty by contacting Dr. Williams –
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lcwilliams@georgiasouthern.edu.
Risks and benefits: We do not anticipate any risks in completing
this survey or sharing your syllabus. You may feel uncomfortable answering survey questions about
resources that are required for your course. If this is the case, we encourage you to skip any questions that
you do not feel like answering. All data will be de-identified and only Dr. Williams will have access to
personal identifiable information. We intend to use any findings to make the course experience more
beneficial and accessible for all of our GS students. Privacy and confidentiality: We anticipate that the
knowledge gained during this educational study may lead to dissemination primarily by, but not limited
to, scientific publication. Any information gathered from the survey or course syllabus will have all
personally identifiable information removed prior to analysis and publication. Data and identifying
information will be maintained by Dr. Williams for five years following the completion of this study in a
secure location. Only Dr. Williams will have access to personal identifiable information. De-identified or
coded data from this study may be placed in a publicly available repository for study validation and
further research. You will not be identified by name in the data set or any reports using information
obtained from this study and your confidentiality as a participant in this study will remain secure.
Subsequent uses of records and data will be subject to standard data use policies which protect the
anonymity of individuals and institutions. Participants have the right to withdraw the authorization of
their information at any time by contacting Dr. Williams – lcwilliams@georgiasouthern.edu.
You
must be 18 years of age or older to consent to participate in this research study.
You will be
given a copy of this consent form to keep for your records. This project has been reviewed and approved
by the GSU Institutional Review Board under tracking number Title of Project: Comprehensive
Inventory of Student Resource Use for CHEM 1212
Principal Investigator: Dr. Leah Williams Office: Dept. of Chemistry room 2234 Phone: (912) 4785968 Email: lcwilliams@georgiasouthern.edu Other Investigator(s): Ms. Jessica Orvis Office: Dept
of Chemistry room 2215C Phone: (912) 478-5870 Email: jessorv@georgiasouthern.edu
Dr. Lea PadgettOffice: Science Center Rm 2109 (Savannah campus)Phone: (912) 344-2946Email:
lpadgett@georgiasouthern.edu
Ms. Sarah Conti Email: sc06785@georgiasouthern.edu

Q5 Please indicate your willingness to participate in this educational study:

o I AGREE to participate in this educational research study (1)
o I DO NOT AGREE to participant in this educational research study (2)
Skip To: End of Survey If Please indicate your willingness to participate in this educational study: = I
DO NOT AGREE to participant in this educational research study
End of Block: Default Question Block
Start of Block: Block 1
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Q7 This study aims to determine which resources students are using in introductory chemistry and how
helpful they perceive those resources to be in terms of their learning and their grade in the class. We are
asking faculty to complete a short, online survey at the end of the semester in which they are listed as an
instructor of record for CHEM 1212. We are collecting responses from faculty specifically to determine if
student resource use is related to the frequency of faculty mentioning a specific resource or how
thoroughly faculty discuss specific resources. Results from this survey are not connected in any way to
faculty evaluation, tenure, or promotion.

Q9 Please enter your name and Georgia Southern email below to be used as identifiers for this survey.
This information will be used to confidentially compare your survey responses with the responses of
students in your CHEM 1212 course.

o First Name: (1) ________________________________________________
o Last Name: (2) ________________________________________________
o GSU Email Address: (3) ________________________________________________
End of Block: Block 1
Start of Block: Block 2

Q11 Please answer the following questions about how you discuss a variety of official course resources
with your students.
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Q13 How frequently do you discuss or remind your CHEM 1212 students of the following resources:
Two or more
times a week
(1)

Once a week
(2)

Once a
month (3)

Once a
semester (4)

Never (5)

Textbook
(Interactive
Chemistry: Atoms
First; e-text or print)
(1)

o

o

o

o

o

Homework (Sapling
Learning Online
Homework) (2)

o

o

o

o

o

Materials
Generated During
Lecture (ie. notes,
document cam
works, whiteboard,
etc) (3)

o

o

o

o

o

Instructor Provided
Materials via Folio
(ie. PowerPoint
slides,
handouts/worksheets,
etc) (4)

o

o

o

o

o

o
o

o
o

o
o

o
o

o
o

o

o

o

o

o

Instructor Office
Hours (5)
SI Sessions (6)
Academic Sucess
Center (Tutoring at
the library) (7)

Q15
For the answers you reported as discussing more than once a semester, please elaborate why you chose
to emphasize those specific resources in your course.
________________________________________________________________
________________________________________________________________
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________________________________________________________________
________________________________________________________________
________________________________________________________________

Q17 If you selected that you talk to your students about the textbook more than once a semester, please
elaborate on how you talk to your students about the textbook.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
End of Block: Block 2
Start of Block: Block 3

Q19 Please answer the following questions about how you discuss a variety of unofficial resources with
your students.
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Q21 How frequently do you discuss or remind your CHEM 1212 students of the following resources:
Two or more
times a week
(1)

Once a week
(2)

Once a month
(3)

Once a
semester (4)

Never (5)

Free Online
Study
Resources
(Google,
YouTube,
Khan
Academy,
Quizlet, etc.)
(1)

o

o

o

o

o

Paid Online
Study
Resources
(Chegg,
CourseHero,
etc) (2)

o

o

o

o

o

Private or
Paid Tutoring
(3)

o

o

o

o

o

Face-to-Face
or Group
Study with
peers (4)

o

o

o

o

o

Peer
Messaging
(Texting,
GroupMe,
SnapChat, etc)
(5)

o

o

o

o

o

Q22 For the answers you reported as discussing more than once a semester, please elaborate why you
chose to emphasize those specific resources in your course.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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________________________________________________________________
End of Block: Block 3
Start of Block: Block 4
Q14 Instructors use a variety of different materials to communicate course content and skills to their
students. What resources do you provide for your CHEM 1212 students during lecture? (ie. PowerPoint
slides, white board or doc cam notes, etc... Please feel free to elaborate in the space below on any methods
or materials that you use to communicate chemistry during class.)
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q16 What resources do you provide for your CHEM 1212 students outside of lecture on Folio? (ie.
PowerPoint slides, white board or doc cam notes, website links, practice problems, etc...)
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q17 When a CHEM 1212 student asks for clarification or additional help with a concept or skill, what
resources do you typically recommend to them first and why?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

